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Sill" [ ]lavo llie ]iono Io trlinsinil herewiih ihe iiilinllscri]ll 
lechnh'a] llal)er enlhh'd ('orlhi ()rTiinh' ('onsliluenl 
l{ehllion 1o oil l:eriilitv, llv ()swlihl chi'ehier, lhlward 
iiiill ,I. ,1. [hiiioi', ill llli ]/tireaii. "l'hi llrih'h, elillll,lies ihe i'esililS 
ill furihor exilerinient upon lhe etl'o'i f loxh' llrTanic 
upon soil conditions ll indicated llv the ffrowlh ,if llhinis in varimls 
cull lires. 
The nilllriill lhrows t'olisidel'allh, ahlilional liThl ilillil ihe (llies- 
.. il ...... ii it has ileeil 
lion of soil fl, rtililv. li iit'Cl)l'dlil'e wilh vlltl 
one ovor carefully wilh Assisiluli 5ecrellirv l lays, vlio auihorizes 
iiie Io slat liiat lie COliCtll'S i liil l'eCliilnielidalion for ii llulllicalion. 
This will fOl'iii -o. q7 in l]ie series lf 
llesl)eci fully, 
ll,n..l.xmEs WLsOx, 
Secretarl 1. l[Iric,lt,r. 
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II ltELATIOlX" TO SOIL FERTILITY. 

This same 1,a,! eff,.ct ,,f root excretions is also shown bv th,. eff, wt 
,,f trees ,,n wheat growing in ,',,njuncli,,n with them, and is further 
illustrated l,v the poi,,n,ms effect whi,'h grass roots sometimes lmv,. 
,m al,l,h trees wh,.n sod is allowed t,, f,,rm in or,'hards. 
Seeds will also throw off toxic sul,stan,'es durin, ihe ],r,,,'ess ,,f 
germinati,,n whi,'h are detrimental to the growth ,,f an,,ther ,'re 1 
the same kiml of seedlings, if planted before the unfavorable con- 
dilions have I,een ameliorated I,v treatment or l,v natural pro,'esses, 
such as ,xilaion or ,lecav. 
The leneficial effects of mineral plant mtrienls an,l ,,f organic. 
nanures ar,' too well kn,>wn ,, require more llmn i,rief nenli,,n in 
his place. When soil conditions are favora[,le fi,r !," 
and humificalion of organic nmerial a marked increase 
growtl resul[s. Numerous experimems slmxing this 
a,'lion have been described in Bullelins 2S, 36, and 40 ,,f lhis Bureau. 
A single experiment may lse described in this l>lm'e 1,, illuslrale the 
principle of lhis action. 
Green eowpea vines were a.d,led 1,, a poor soil a[ lhe rae of 
pa.rls per million of soil. The soil was kept a oi,limum walercon- 
lent an,I frequently sirre<l during the next lwemv-six ,lays. 
,h,compositi,,n progressed tle soil deveh,l,e,l an ,,,hr like lhat 
dec,,mposed stable manure. At [he end ,,f twenlv-six ,lays green 
cowpea vines were added o anolher sample ,,f lle same soil in the 
same proportion as originally al,plied. Both lhe samples of soil 
. 
were lhen immediately extrace,l wih distilled x aler. and he exlracs 
used as a medium for growing xvhea plants in comi>afison wilh he 
,,xract of a sample of soil to which no cowp,'a vines ha,! been a,hled. 
A lhe end ,,f eleven davshe growlh ]>rodm'e,l in ea,'h se of solu- 
tions was men.sure,! by taking the green weighl of the plants. Rel>- 
resenling he growth of he ],hms in lhe extrac ,f untreated soil as 
100. the growth in he exlracl made imme,liaelv aher a,hling cow- 
],e vines was 95, and that in the extrac ,f soil in xvhi,.h coxvl>ea 
vines had sood twenty-six days was 1:;0. This shows that the 
al,plicalion ,,f green manure was able o produce an increased growth. 
amounting o 30 per nt where the planls grew so short a time as 
eleven days, provided that the green manure had had sucient 
time to deeoml>ose. 
The [oxic properlies of soils have been demonslrate,l and the 
existence of oxic bodies is a reality with which i is necessary o deal 
in fiture soil stu,lies on the fertility and infertility of our agricullural 
lands. A very important l>lmse of work in these soil studies vet 
remains to be done before a horough knoxvledge of these bodies can 
be obtaine,! and he best means of trealment to overcome them 
es[al>lished. Many ,,f l,,ir ],rol,erlies have already been ,hqer- 
mined, so far as they relate to plant-growth. Not only have heir 



14 (_'EItTAIN )RGAXI(' ('()NSTITUE.NTS ()F SOILS 
MEHODS. 
The experimentation ('onsited in studying tim ell'ec of a mml)er 
of organic ('Oml)OUn(ls ul)o seedling wheat l)lants gron in solutions. 
The ('Oml)utds ,mph)yed were, unless ollcrwise stated, the purest 
preparations ol)liuai)ie upon the mrket. 
The wat("r used in making solutions was the or(limrv lb()ratorv 
distilled water treated wifh carl)on hla('k. This treatment makes 
the distilled water a good medium for plant growth, as was demon- 
striated in Bulletin 36 ()f this 
The Cxl)eriments Ul))n the action of various organic compounds 
Ul)On plants were ('omhtctcd wid the pure 1)r('l)rti)ns dissolved 
carbon-treated (listillcd water. Whenever 1))ssil)lc, the highest 
concentration emplo)ed wa 1,000 parts per millikan. 
The concentrations of lhc individual ('Oml)ounds were usmdly 
1,000. 500, 250. 100, 50.25, 5. and I part per million, hut 
of the cbml)ounds used were s()lul)h, only in quantities lcsshan 1,()()0 
parts per million, n(t in these ('ases the range of ('on('entrati()ns was 
much smaller. Such instan(:es arc ntcd in the last co]utah 
Table ]. 
The wheat was gcrminatc(l ('c()rding to the method des('ril)ed 
Livingston,  md in Bulleti 40 ()f this Bureau. The seedlings were 
put into tim cultures at the stage when tim first true h,af was begin- 
ning to emerge from ils sheth. Salt-moutl 1)ottles, having 
capacity of 250 c. c., were ust,(l as ('ullurc jars, and ten wh('t plants 
were grown in each jar. 
Twenty wheat plants were used in testing ea('h concentration and 
comparison was made alwavs with an equal mml)(,r of plants growing 
in carbon-treated distilled water under like conditions. ])uring the 
seasons of the year in which the comlitions for growth were the 1)est, 
each experiment was continued f)r from eight t() ten days, but (luring 
the cloudr winter wea.thcr some ()f the experiments ere continued 
for twelve or fourteen days: the exact length of time for each experi- 
ment is given in the third ('ohlml of Table ]. 
The experiments were always set up in (luplicate under such con- 
ditions that individual wu'iations could l)e eliminated. A brief 
survey of the plan of the exl)eriments makes it evident, furthermore, 
that each culture in any given series constituted a control for the 
other cultures (ff that series. In addition cacl series was 'epeated 
several times, always in duplicate, a('cording to the plan of pr)cc(lure 
used for the first series. It is ot)vious tlmt in this way each fact is 
really" established by a large number of properly controlled experi- 
ments and that the sel)arate experiments becoine, on this a('('ount, 
a control one upon the other, thus forming a network of exl)erimcnts , 
all showing the same general action. 
, I,ivingson. Plant W(rld. 9, I: 
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FIG. 1 .--EFFECT OF FRESH AND DISCOLORED SOLUTIONS OF TYROSINE 
[Wht:at gro'n in: (l Freshly l}r.t.l,an.d s,}lutim (}f tyrosint', lt; l,art. l,cr miilim: ('-'} di-c}h)rcd 
slution of tyro:ln.. )rigitmlly contaitfing IG l,arts l-'r million.] 

FIG. 2.--EFFECT OF CHOLINE, FORMED DURING THE GERMINATION OF SEEDS AND 
DECOMPOSITION OF VEGETABLE MATTER. 
[Wheat rowtt in: (1) ('ontrol its pure distilled ater: (2) sohition of choline, l.O0o lmrl' I,*'r 
miili,n: (3) :g)O parts: (.4 lOo part.- (5 25 parts: 61 5 parts; 71 1 iqtrt.] 



1.N" RELATIO.N" TO gOll. FERTII.ITY. 21 

The acti,n of tvrosinase n tyrosine, changing it t hmg.ntisinic 
acid, carbonic acid, and ammnia with ,xyg,n als,rptin. 
pr,lmlfly to the most general processes f m,talolism. I[acleriL 
als prdu'' lvrosinae, as was shoxvn Iv (essard ' f,r ]acillu. 
plocltnttl., and lv I,ehnlann b for ol]wr lactt, ria. 
in this cmeclin is the appearance f guanidi, in s,,dlins 
fund lv Schulze  which prolalfly r,sulls, flare,ugh lhe aclin f 
Ipon In slanlin with expsure I air lh' lvrsine sluti,ns 
app'ared t have underIe this same chan,:e, all of them 
I),com, luite dark in color. The chanes wrou,:ht were prlal)ly 
lhe same as {hse produc,d I)v lhe enzyme lyrsinase, whi'h xilizes 
{x'rsine 1) hmentisiic acid whi'h in lrn ives rie fo lhe dark- 
coh,red 
An inslruclive resul[ was dtain,d hv sludying lhe aclion f such 
a tvroinc solulitn which had sufl'cred discoloralin incid,nl 
The solulion had 1),come so dark in color lhal it reseml)led manure 
exlract. It was liluled s lhat il was etluivah'n[ [o a l; ])arls per 
millikan solutin f fresh Ivrosin,. This shin wa xs,! fr 
in wheat seedlings in comparisn wilh a freshly pr,pared 
of equal strenlh. 
In a f,w days lhe phmls in lhe two solulins showed l)rnounced 
dill',r,nces, whi.h i,came realer as tle ,xp,rim,nl wa 
Plate l, fiure 1, hoxvs lhe appearance f lhe planls xvh,n l]w ,xp,ri- 
nwnl was discninued at lhe end ,f h' lw'lfh day. The' l)lanl in 
lhe fresh lvrosine v're mor' pop,fly dexelol)'d lhan lhose rowin in 
dislilh,l water. The leaves were narrow and l,einnin t di, at 
tips; lhe rols w,re dead and had lecm' slimy. Thv phmls in 
discolred l vrine had mal, ,xc,llent rowlh. Th,v 
plants rown in manure cxlracls. "!'!' h,avvs were ri'h, r,'n, Iroal, 
and makin xiorous rowlh. The, tools how,d a imilar l 
developing, hi. Durin the, course, f lhe ,xperim,nt the planls 
the fresh {xroine hd lranpired 19 rain f wa'r and altaine[ 
re,n xw, ihl ,f 50 milli,:rams. The plmts i lhe diseohred l x'rsin' 
had in lhe same lime lranspire! 3 rams of waler and allained a 
een weighl ,f 040 milligrams. 
These resulls are Ielieved to have imporlance in cxplaininz the 
value and at'lion of the so-called "u'een manures." As previously 
menlion,d, lyrosine and relaled compounds are quile widely dislril)- 
l,d in lhe x'eelalle kingdom. They may even increase in numler 
a ('ompt. rend. Soe. Bid., O. 1033 (1898. 
bMOn.h, med. W'henachr., 4. 340 (1902. 
CBer. chem. (ea., . 68 (1892): Zeit. phyaid. 'hvm.. I 7, 1:i lS2: I andx'. 
"2 [.  ! 903 ). 



4 ('ERTAIN ORGANIC COSTITUESTS OF SOILS 

This lii,erati,n )f l)h)sl)h)ri(" a('id I)y germinating seeds is the direct 
rsult ,,f such dt,t'Oml))siti,n (,f tim ](,('i/liins as decril)ed above. 
A'',w(ling to Zalewski," this (h,('Oml>)sition ()f the lecithins is due to 
an enzyme, lie has further shown that organic phosphorus com- 
pounds re (lui('kly and almost totally d('composed 1)v lhis enzyme 
during the 1)r()('ess [f germination, only '2 per ('ent remaining unat- 
ta('k,[1. The (h'('oml)()siti)n of lecithin 1)v 1)a('teria, with the forma- 
tion f ('holine. has also 1)e('n studied ])v Ruala an(l ('aneva,  and 
d)s(,rvatins f ('holine in the presen('e of certain I)a('teria were also 
mad(' 1)x- S('hmidt.  
('h)line is formed as a 1)rodu('t of this decomposition of the leci- 
thins, and its wi(le distril)ution in lhe vegetable king(lore is there- 
fr(. n(t at all surprising, and und('r certain cir('umstances the quan- 
tity lilcratc(I in this process may 1)e, comparatively speaking, large. 
The, eft'cot ()f ch()line on seedling wheat l)lants was therefore tried. 
The choline was obtained in a pure form (Merck's) and when intro- 
(lut'(,d in varying amounts into water ('ultures of wheat it showed 
itself t) 1)e mil(llv t)xic to wheat seedlings. The plants grown in 
this s, dution are shown in Plate I, fig. 2. In the lower concentra- 
titans, fr[)m 1 to l()i) parts per million, the seedlings, more especially 
the ro)ts, were stimulated t) increased growth, I)chaving in this 
respect like other minute amounts of toxic materials and similar 
t) the effect displayed when a toxic soil is treated with an al)sorl)- 
ing agent or sometimes when merely" diluted with water, as shown 
in a 1)rcvious lullctin. ('(,ncentrations al)ove 100 parts per million 
were distin('tlv toxic, l)r(,(lucing a retardation in root and top develop- 
ment, ahhough even a concentration of 1,000 parts per million was 
n,t fatal t() the plants. 
The almost universal distribution )f choline directly in plant tissues 
and as the degradation product (f the lecithins makes its presence 
in s()ils in whi('h plants are growing and decaying highly probable, 
at least as an int,rmeliary product ()f the ('hanges which take place 
in the plant remains in the soil, anal this has a still g{eater signifi- . 
can('e when we consider the ('h)seiv related h)(lv neurine/ Xeurine 
(CI llaNO) is in all probalility f()rmcd from choline or its mother sul)- 

B[*r. |),,t. Gets., 2|, 295 (|906). 
Ann. d'igiem* sp*rim., 1 I. 341 ( 1901 ). 
Arch. ar., .... *'t, 467 (191). 
Hofmann, Compt. rend., |7. 558 (lSS8). 
Lielreich, Ber. chem. G*s.. 2. 12 (169). 
Brieger. Bet. chem. Gcs., 16. 1186. 1405 (183); 1 7. 516, 1137 (1884). 
Marino-Zucco, B(*r. ('hen. (;*s., 17. 1(t3 (14). 
IIundeshagen, Jour. prakl. ('lmm., 136, 245 (1883). 
Gulcwitsch, Zeit. physiol. (']mm., 2i, 175 (1898). 
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3[[ CERTAIN ORGANI(' ('(}XSTI'I_'UENTS (}F S()IIS 
"l-he gro th of wheal 1)lants in solutions was markedly affected ])v 
the presence of hcliotrol)inc, although the plants were n(}l killed })v a 
concentration of 1,000 parts per million or less. It is worthy of 
remark that the tops (f tim wheat l)lants were nore affected 1)y the 
heli)trol>ine than the roots. (See ])late V, fig. 1.) The roots ere 
healthy and of nearly equal dexeh)])ment in all solutions of hclio- 
 rol)ine used. 
TERPENE BODIES. 
Borneol (C.0IIO) , an alcoh(,l of the terl)ene series, may 1)e regarded 
as a sccrction of the Borneo ('amph)r lree. From the fact that il is 
known as a plant secretion, as well as from its relation to camphor, 
its effects upon wheat plants are of interest. It is noteworthy in this 
connet'ti)n that l)orne)l acetate is an important constituent of the 
aromatic oils of many plants. ]t w('urs, f)r examl)le , in the needles 
of different species ()f pines, firs, sl)mces , and hemlocks, in golden 
rod (Solitbtgo comulensis), in Salurejo th/mbra, in lhyme, etc. The 
presence of 1)orneol or some of its coml)ounds in soils is not, therefore. 
unlikely, especially in he vicini D" ()f coniferous trees. Allhough 
1)orneol is markedly insolul)lc in war er, t he weak c()ncenrations ol)t ain- 
able were very toxic to 1)oll lops and roots of whea ])lans. In ten 
(lays the plants were killed 1)v a concenlration of 100 ])arts per million 
and injured 1)y 1 part per million. 
Camph()r (('0I[,;O), thc ket()ne of borneol, is secreted by different 
plants, and is n()tat)lv found in the wood of Cinnamomum, sassafras 
leaves, cinnamon root, spike, rosemary, basilicum root, etc. The 
poisonous effects of caml)hor upon seedlings have long been known. 
A list of some of the more imporlant works is given below.  
The action of caml)hor on wheat seedlings in our experiments was 
quite similar to lhat of borneol. A concentration of 300 parts per 
million was falal to the seedlings in eight (lays, and 5 parls per million 
produced marked injury. 
Terpene containing oils, such as turpentine oil (C0II6) are sub- 
stances to t)e regarded as excretions of living plants, and many arc 

Tr(.viranus, Physiol. d. Gew('hse, 2,726. 
{'onwcnlz, Bot. Zig., 32,401 (1874). 
lIeck(.l, Compt. rend., .0, 1170 (1875). 
Wilhelm, Einwirkung des Camphors auf (lie Keimkraft (Ref. in Just's Bot. Jahresb., 
1876, 884). 
Niig(.li, Theorie der Giirung, Mtinchen, 1879, 84-85. 
Burgerstein, Landw. V(.m.-Slat., .'15, 9 (1888). 
Frank, Pllanzenkrankheiten, Breslau, 1895. II Aufl., I, 330. 
Mesnard, Ann. S('i. Nat. (7), 1 ., 257 (1893). 
Detto, Flora, 9"2, 147 (.1903). 
Heller, Flora, 93, 1 (1904). 
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A iar,, nunl,,.r f eXlerim,'nts sl,,xvin tl,. I,,.netits ,h,rivc,I fr,,m 
,f this lhtr,.a,I an,I xxill n,l I,,. lr,.s,.nl,'l in h.tail Iwr,.. "!'!,' 
,f the ,.xl,'riti,'nls llel',, ln,.nli,n,'! inli,'at,, that lilt. small x i,.hls 
it has I,,.,.n l,,inlci 11I that m,.tl,,,l ,,f ,'uhivati,,n xvhi,'h 
m,l,, lh,. a,.rali,m ,,f lh,. s,,il an,I tlw r,,xvlll ,,f ntis'r, .... r,#aniln, llav 
aid in ,{,.slr,yin h.h.l,.ri,m ,rani' tilnn,',.. "Flu. tnlu,. 
mu]alin ,,f >uc] sulslan'es can al Ie ]wevel'! Ix ]rqer 
llw ahliti,,n ,,f sttilalde fcrt iliz.rs ldays an iml,rtant 1tort in I,rin- 
qUenl imlrvenenl ,f soil cnlilins, in ,llwr xx,rls, l]w ex]eri- 
m,.nls m hi'h h,,xxe! lhal unlr,lu'lixeness arise- ft',tt lhe 
in s,ils ,,f lle wale ]l',lu'ls f ldants have I,cct -l]qdenelile! 
seems reas,,nal,h., thcrcf,re, I, ,',n'luh. lltal I1,. Ieneiils h.rix,.l 
from ferlilizers may, at ]east in ]mrl. le lue I their lirecl r inlirecl 
aclion tl]on Ixi," rani" sulslalce in -ils. 
Allelllili llaV It. aaill calh.! I, the [a,'l I]ial 1,I exPerimenls in 
whid fcrtiliz.rs were emPhbei x,, ,,xer',n,. llte el[e'Is ,f re]danl- 
in similarlx sl,w l]lal cerlain fl.rlilize ar. aide I,, h.slr,,v the 
lxic waste ],rlucls f ldanl gt'xvlh anl I, inpr,,x, s,,il 
II was sh,,wn in the experiments menlimetl l]lal lh' ameli,raling 
pow.r does n,l necessarily h.lwni ul,m lhe annl f Idanl nulri- 
enls xl'lt a ferliliz.r conlains. 
Smnming it I, lh,. results ,,f ,.Xl,.rill,.nls lil,,ll tile am,'li,,rali,n 
such unfav,raide c,mliti, ms may I,. x',.r,'mw. "l'iw l,xi" sdution 
flu. extracts f unprdtwtive soils. Treallllelil with al,,,rbin 
-r bri,.f l,,iling was Iwncficial. The t,xic solutions were 
improv,.l after ,ne sq ,f wheat plants hai been grovn in them. 
I'ndoubtedlv there was smu. txic material directlx als, wl..d bv 
account f,r the ,iiminih,.d t,xicilx" ,,f the s,,h/ti,,ns when the 
s,q ,f plants was r,wn. "i'h,. vanillin soluti, m. f,,r ,'Xamld,'. was 
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EFFICIENCY OF SALTS AI.ONE AND IN ('{MBINA'FION. 41 

r,.sults are for each f lhe four inre, lienls, lime, nilrale, p,lash, and 
i)hosl)hale , and are the aw, rages for each of the 25 areas given 
Tal,le III. As an illustration {,f how the results are cah'ilated, take 
I he average results f I he tire sdls fr{mt ('her{,kee ('{runty, S.C. Nitrate 
ahme.gave all increase of 40 per i'ent. Nitrate aml l)h{sl)hate l)r, - 
,lwed an increase of 36 lwr cent, or 40 per cent tmwe ilmn l)h{sl)hale 
ahmc, while nitrate and potash i)rduce{! 49 per cent, {,r 42 per cent 
n,)re than l)tash ahme. The aerage effect fr nitrgcn in these 
twt (.ombinati{ms is therefore 41 per cent aml is entered in the 
c,dumn umh,r nitr{gen. As NP=:3fi aml NK=49, ly ad{li{i,,n 
(2N)I'K =sS. llwcw,t', I'K=3, s<, l,v lilh,ren<'e we have 2N=s2 
,r N=-ll, which is enterel in tlc third! cdumn unhq" nilr<)gen. 
N I)K. = 44 aml sin('(, PK = 3, N in the NPK. ('<mbinat i<m lrlu('ed an 
increase f 11 per cent. The f<uir values each fw 1)<lash and 1)h)s - 
ldmte aml tlc two) values for lime are obtaim,<! in the same manner. 
l"w this area the ctli('ien<'v f the several ingreli[.nts is v(,rv unifrm, 
tim range [f variation f,w nitrate, l))tash, aml l)l<sl)hale l)(,ing only 
l per cent, while for lime t he <liffer(,nce Iwtwe('n t he t wo olserwtt ions 
i 7 l)er cent. Since t he results in Tal)le X are l)ascd Ul))n t he average 
,f all siis fr)m each area the variatim in the ctticien('v of the ingre- 
lients as they tccur in the varims <'tmd)inatims is mt markel. 
making the same ('ah'uhttions fw each of the soils, h<wev,r, many 
them show a marked variation in tle etticicn<'v f the ingredients as 
they occur in the several <'omlinations, a iiffercnt'e far t)o great 
Ie attrilmtable to errw <ff <l)servation, which l)v at'tuai test has 
. 
f,uni nol to exceel plus r minus 5 per cent. Where the variatim 
in the eilicien('v of a fertilizer ingredient, as it <c('urs ahme and in 
several comlfimttions, ex<'eels tim limit of error in olservatiis 
alx'e stated, such l)rtion of the variation as exceeds that limit must 
ie attrilmtaih* t, its ass{,ciation with the other ingredients. Just as 
in a s,iuti,m of several salts the l)resence {;f {me may increase 
{h,creast, the s{dubilitv f others, s in the s{il the a{hliti{q of 
ingre{lient may increase {,r decrease tim effe('tivem,ss ,f an{ther. It 
has ah'eaIv l),,en shown that f,r quite a numlwr ,f s,,ils the effect 
three ingredients coml)ined is n{ better than for {me of them and that 
one ingre{lit,nt may l)e sul)stituted for another ilh equally good 
effect. See Table Vl, page 30. ()n the other han[l, flu,re are many 
s{ils in which the effect attrilmtalle t,) a ('oml)inali{m of three ferti- 
lizer ingredient s is t wo or l l,ree t imes greater t ban t he aggregate 
,f the same ingredients when used Sel)aralely. See latter portion 
"l'able IV, l)age 26. 
The variation in the efiiciem'v ,f a fertilizer ingredient as used sep- 
arately and in several coml)inalions })ea no consistent relali{;n to the 
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RELATIVE RESPONSE TO FERTILIZERS AND EXPENI)ITURES FOR FER- 
TILIZER,. 
In Tal)le XI, where the average percentage increase in growth 
attribntable t) (he complete fertilizer and lime is given for each area 
and arranged in an ascending series, there is also given the average 
l)ercentage increase nttril)utd)le to stable manure for the same soils 
as well as the expenditure fw c()mmercial fertilizers for the same 
ar(.ns or <.)unties. Tle expenditure for fertilizers in the area is 
exl>ressed in percentage (,f the valuation of 1)l'olucts other than those 
fed t(> live stock an(l is computed froln statistics reported in the 
United States ('ensus for the year 1900. 
This table, besides showing the relative response to the chemical 
fertilizer and stable manure, which was discussed in preceding pages, 
also brings out tle relation t>etween the resp()nse to a complete ferti= 
lizer and lime, a obtained by the 1)araltln pot test, and the expend(= 
ture for fertilizer in each county or area expressed in percentage of the 
valuation of <;r)l)S produced. 
The table is sel)arated into two portions, the first portion embracing 
13 areas or counties in which the increase in growth attributed to a 
COlnplete fertilizer and lime ranges from 0 to 40 per cent, and the 
second portion embracing 1'2 areas or counties in which the increased 
gr()wth for the same treatment ranges from 41 to 107 I)er cent. In 
the first portion of the table there are no localities where the valuation 
of commercial fertilizer used equals 4 per cent of the value of the 
products grown, while in the second portion there are only four local(= 
ties where it does not exceed such percentage. In the first portion 
of the table where the response to the fertilizer with lime does not 
exceed 40 per cent there are only three localities where the cost of 
fertilizer actually used in 1900 exceeded 1 per cent of the valuation 
of the crop grown. These" exceptions are in New York and Penn- 
sylvania, in areas where spe('id crops 1)robably receive more attention 
than in the others. The one in Pennsylvania was immediately 
about Philadell)hia. Their nearness to both the great produce and 
fertilizer nmrkets is also a factor tending to the more extensive use 
of fertilizers. 
Of the four counties in the second portion of the table in wlfich the 
cost of fertilizers nsed does not exceed 4 per cent of the value o crops 
grown, McCracken County, Ky., and IIenderson County, Tenn., are 
each represented by only one sample. If better represented, they 
would probably fall in the first portion of the table, as indicated by 
the small amount of fertilizer used. The remaining two counties are 
Caddo Parish, La., and Rusk County, Tex., in each of which cases but 
little commercial fertilizer is used, though they are groupe(1 in the 
second portion of the table as a result of (.heir response to fertilizers in 
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ranging from a minimum of 29 per cent for the Miami series to a 
maximum of 115 per cent for the Portsmouth series, broadly speaking 
the relation between the value of the individual ingredients in the 
several series is remarkably uniform, even more so than occurs when 
the soils are considered by areas. The Muck, represented by only 
4 samples, is excel)ti()nal, and shows the c|mracteris[ic importance 
of l)otas|h that ingredient being on the average about as effective as the 
lotal of lime, nitrogen, and phosphate. This fact is alsoin conformity 
with our rich[ knowledge of Muck and Peat, which are greatly bene- 
fited by applications of potash salts. 

P r--- K  N I L TzTz 
T, l--Tlati-(  Il(illC " O rilier iTmdients bT soil eries, when the ingredicnts art uscd alone. 
TABLE X | V.--. | reraffr percentage increase i-n growth attributable to oath.fertilizer salt and 
lime.for soils of the .Srorfolk, Portsmouth, Orangeburg, and Cecil series re'hen classified 
by te.rtarc. 

Soil class. 
Fine sand ............. 
Sandy loam ........... 
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While lhese ol)servations have no et'()nomic significance in the 
l)ots where moisture content is always ample, they may 1)e of ('on- 
sideral)le importan('e in relation to the use of fertilizers in the fiehl 
and exl)iain , in part, the 1)enefits derived therefrom. It frequently 
happens, owing to scanty rainfall, or a h)w watcr-lml(ling capa('ity 
of the soil, that the available water SUl>l)ly is the limiting factor in 
(.top yields. Where su('h conditions exist, and lhcv o('cur frequently 
in all parts of the country, the presence of a fertilizer which would 
enable the crop to e('onomizc in its water consuml)tion wouhl be of- 
('onsiderable importance and might, as l)ointed out above, enable 
the crop to make a marked increase in growth (lesl)ite the linited 
water SUl)l)lY. 
SUMMARY. 
The paraffin-pot method of testing the manurial re(luirements of 
soils, used in these investigations, while not designed to supersede 
field tests, is admirably adapte(1 to an investigation of this kind and 
is very useful as a method of indicating what fertilizers should be used 
in the fiehl. 
The results obtained in the pots w-ith the various ingredients are 
relatively the same as those obtained in the field, but may differ in 
degree. This is true of all ingredients commonly used except the 
phosphates, which gix-e a relatively lower effect in the pots than the 
others. The absolute effect is usually greater in the fiehl than in the 
pots and phosl)hates may frequently be economically used where 
their henefits are not indicated by the pots. 
The results obtained in the pots generally agree with the fertilizer 
practices in the various sections from which the soils were secured. 
In the North Central States, where but little commercial fertilizer is 
used, and where the main dependence is placed upon barnyard 
manure, the pot tests show manure to be three times as efficient as the 
fertilizer. In the Atlantic seaboard and Gulf Coast States, where but 
little manure is available, and where the main dependence is upon com- 
mercial fertilizers, the manure as tested in the pots has been only 
slightly superior to the fertilizers. Muck, quite generally recognized 
as in need of potash in the tield, has shown that ingredient to be 
nearly as efficient as lime, nitrate, and phosphate combined, as deter- 
mined by the pot tests. 
Transpiration, while a good indicator of the relative growth of 
plants when under like conditions, usually gives a range of lesser 
magnitude than the variation by green weights. 
The green weight of plants grown for about twenty-five days in the 
pots occasionally equals or exceeds 1 per cent of the weight of the soil 
in which they grew. Such plants contain about 85 per cent of water 
and transpire approximately 100 grams of water for each gram of 
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Fertilizers when effeetiw, ail plants t, ecom}mize in the use of 
water. 
In cnclusion it may I,e s.id lhat the erol,-yiehling capacity of 
sfils is im'reased I,y improving their physical condition and by sup- 
plying manures or fertilizers. Frequenlly both are necessao', and 
the latter may assis the former. By the eml}io)men of both meth- 
ods l}or soils may become  productive as the I}es .nes. There 
I}ul litlle to indicate any relation between he formation and char 
m'ler }f the soil and character of fertilizer to which i will reslmml. 
l'sually s,ils .f a limited! locality, where climatic {.,nlilim and farm 
practices are uniform, show bu litlle difference in the character 
fertilizer required, although the degree of resl}{mse may va greatly 
fr differen fiehls, making their use profitable in some instances and 
unl}rlital}le in {lhers. EXCel} in the nms general way, the ferli- 
lizer requirement of soils becomes a problem fr each farm r 
each class }f farms ,mh,r like comlili,ns of soil, elimale, aml system 
of t'roi}lfing an{I fertilization. The imlieations are lha fertilizers 
containing relatively m}re p}tash and nitrogen than do those now 
in general u wouhl prove more effective. This c{,nclusion (to 
which exception migh be taken by mw because of the fac tha 
l}hoslflmtes are known to be economically ud on some soils tha 
fail to respond to lha salt in the pots) is n based ahme on the 
resul of this inw,stigalion, l}u upon the tendency {,f the mre pro- 
gressiw, l}lanters to use a higher grade fertilizer, i. e., one containing 
relatiwqy more nitrogen and porch than that used in the pas. 
I.ime has proved quite generally beneficial, being on an average more 
effective than both potash aml ihosphate. 
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7 
lntroductim ...................... 
'm-l,n dioxide. ........................ 
S, lul,ilit y ,f 
S,lubility ,f carb-n di,xid, in aqums ,lui,ns.. I0 
Sulphurie acid .................. !0 
Nitric acid ........... i0 
il vdr,chh,rie a,'id ...... I 1 
'itri" acid ....... ! 1 
Sodium ehhride. ....... I ! 
l',tium chhride.... 12 
Amm,,nium chh,ride. ............ 13 
I'a, sium and rubidium ddrides... 14 
l.ithium chh,ride. ........... 14 
S,dium bn,mide.... 14 
l',laium I,nmfide. 14 
P,, -i u m i,d ide.... 15 
S,lium nilrae. .......... 15 
l'lium nirah.. ..... 15 
Amm,nium nilrale. ...... 
S,,lium sulphale ......... 
I' ltium sulphocyanale... 17 
17 
S,dium chiorale ........ 
17 
'ah'ium chloride. ............ 
17 
Sr,,nlium chh,ride. ...... 
Barium chloride ...... 18 
Mm,sium sulphale. 
Zinc sul phal e. ..... 19 
 h,nend c,m'lusi,,ns.. 19 
I ime. ........................ 20 
S,lulilily -f limp in waler ............... 0 
lul,iliy f lime in aqum,us ,lui,,ns. "22 
Amnmnium chl,,ri,le . 
Sodium chloride. .... 24 
lh,ium chh,rid.. .... 25 
'ah'ium ehl.ride. ................. 25 
Sodium and i,,ium hydn,xide. 27 
 'ah'ium 
'ah'ium nilt.. ....... 28 
 ;lycen,! ........... 31 
Mannile... .. 
Sugar ............ 32 
Genel nelusi-ns ............. 
Calcium ch)nale. .................................. 36 
Mdifiealin 

llydrales .f e'-,h'ium 'arbolai.. .................................... : 



OLUBILITY OF I.IME IN AQt'EOt'S 8)LUTIONS. 
From this table it ssill I.. seen that l,v increasing the quantity of 
ammonium chhri{h, in tlu. soluti{m tl.. s,lubilitv of lira,, is al 

0o i00o  50 o 
hwraed, ani .t the com'entrathm emlloyed the increase i n,arlv 
prol-rt hmai t the concentrathm o amnonh=m chhrhlc. 
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TABJE XXVI.--Volume-moisturc relations for muck by the catbetometer method. 
Moisture ] Linear Volume ] 
P cet. I Cffimer. Per ct. I 
In figure 8 eorrespomling results for penetration and apparen 
specific gravity are given, the ab- 
 scissas being eOllllllOll to both 
 curves. It will be seen that the 
lwo eul'VeS are similar, indicating 
1  thnt it is possible to ,york this soil 
, into the h,,,sest c,,ndition at 10 
,. lwr cent of moisture, at which 
*o  t , Io I  z lil)int the oil i in iho bet po- 
 erar or aoz,roar sibh' aTl'iClllllll'al Colldition. 
Fro. 20.--Volue-oit,,re ,-e,lt t,,,- the addition of water beyond this 
Muck lly the cathetometer method. 
point lhe soil soon beeonies too 
wet to be easily vorked, as might be predicted from the rapid rise 
of the penetration curve. 
SUCCESSIVE WETTING AND DRYING. 
Objects of experiments. 
In studying the relation between vohime change and moisture con- 
tent one must consider what constitutes " natural "' packing in the 
soil. It is known that there are large volume changes in soils under 
field conditions whenever the soil is dried or wetted. These volume 
changes render it highly improbable that the soil will stay in any 
condition of packing ilnposed by an externa agency. It is a matter 
of eomnmn obserwttion that when a soil is put into a loose condition 
by cultivation or other means and subsequently left undisturbed it 
will settle back in time nearly to its original volume. The relation 
between the change in volume due to settling and the change in vol- 
ume due to a variation in moisture ntent was therefore investigad. 
Experimental methods. 
The methods of measuring the volume changes were the salne as in 
the volume work described above. When the soil had gone through 
the process of drying out once it was wetted by capillary rise without 
in any other 'ay disturbing it. A complete record of the volume 
nteasurements was obtained while the soil was drying out; the total 
change in volume due to wetting was observed without obtaining 
measurements for the interlnediate moisture contents. This cycle 
. 
could be repeated any number of times, and the variation in soil vol- 
ume due to continued wetting and drying could be readily followed. 
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the changes in the interm,1 arrangement of the soil particles ad the 
physical characteristics of the soil. 
EECT O MOISTURE DISTRIBUTION 0N VOLUME CHANGES. 
When a soil is saturated with water the pore spaces are filled. As- 
suming that lhese soil capillary tubes are contimmus aud of ,mif,,rm 
diameter, the capillary force holding the water is equal to the pull in 
an ordinary cpillary tube of a similar size. In comparison with the" 
capillary spaces occurring at the contact of the soil grains, these 
tubes are large, so that the capillary force exerted by tlwm is rela- 
tively small. inee the water in the large spaces is not hehl by great 
force, it will le the first to evaporate aml will have but little 'ffect in 
changing ihe arrangement of die grain. As evaporation proceeds a 
point will be reached where the water begins to evaporate from the 
fine capillary spaces, which include the algles between tlie oil grains. 
At this poiut the forces of fihn tension become more noliceulfle. 
the water held between the soil grain diminishes and retreat farther 
and farther into the augles, the surface film stretches, increasing the 
film tenion and pulling the soil grains inclosed by it still cloer to- 
gether, thus producing a contraction in the volume occupied by the 
soil. The, point where the effective film forces are just sttflicient 
cause changes iu the intermtl soil arrangement will be deigmtted the 
" critical moisture content." .ks evaporation coulimms still further 
the surface films around the grains aml the capillary wedges held 
letween the grains become thinner. The urface film forces continue 
to increase: hence the volume should steadily decrease until the soil 
reaches an air-dry condition. 
It is evident from the data given for the volume changes in Podunk 
fine sandy loam that the above consideration is substantiated by ex- 
perimental facts, and even more strongly bv the volume changes 
observed with the other soils. Take, for example, Podunk fine sandy 
loam with about 14 per c,nt of water. At this point the large pore 
spaces contain cousideralle water, and as the soil dries out this water 
will be the first to disappear. Gince the large capillary tubes consti- 
tute a relatively large part of the soil space available for water, they 
will hold a considerable perceutage of the waler when the soil is 
saturated. This will be particularly true in this soil. a sand, where 
the siugle intergranular spaces are large, owiug to the size of the soil 
particles. The withdrawal of water from the larger pore spaces will 
therefore cause a large decrease in the moisture cont,nt of the soil. 
When the moisture content of the soil is about 6 per cent, the critical 
water content is reached and a change in vohlme begins. 
It will be rembnibered that for volume changes in l'odunk fine 
sandy loam a large volume contraction occurred between 33 and 18 
per cent. of water, betweeu which limits the soil is too wet to ascribe 
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is hehl in the larger pore spaces and in the (2,1)illary angles between 
the grains. From this the conclusion follows that there nmst be a 
COrl'esponding difference in the rate of evaporation. 
As the water evnporates out of the larger pore spaees, the rate of 
evaporation will be determined by diffusion and by the forces of 
capillarity. Since a considenlfle quantity of t,he total soil wateris 
hehl in the larger pore spaces and since the capillary pull in these 
spaces is not great in comprison with the forces exerted in the fine 
angles Ietween the g'rains, the intltem'e f capillarity Ulon evapora- 
tion from tlw large Sl)aees will Ie roll,lively small. In relation to the 
rate of evaporation much of the intergranular Slmee can le considered 
to be of the same order of magnitude, for which reason the rate of 
evaporatim over a considerable range will not decrease very rapidly 
while the soil is drying out. As the evaporntion continues the water 
held in these pores will disappear, aml the soil water will be distrib- 
uted almost entirely in the fine capillary angles between the il 
grains aml on the rains as fihns, where the reater capillarity holds 
it more strongly. Below this critical moisture content there will be a 
gradual falling off in the rate f eVal)oration , due to the increasing 
attractions between the water and the soil. eausing a lowering of the 
vapor 1)ressre of the absorbed fihns. Where the thickness of the 
film is such lh,t the surface attraction just. begins 1o eatse a lowering 
in lhevapor presmn'e of the film, the equilibrium point between the 
soil moisture and a saturated atmosphere of water vapor is reached, 
and in such an atmosphere no further ewporation of water from the 
soil grains takes place. In the open air, however, we are not dealing 
usually with n sturated atmosphere, and so evaporation will continue 
from the soil. lint mder constantly decreasing vapor pressure of the 
absorled water, which in tm'n will cause a eorrespondinff decrease in. 
the rate of evaporation. When the vapor pressure of the soil fihns 
eorresponds to the partial pressure of the moisture in the atmosphere, 
evaporation will cease, equilibrimn having been reached between the 
vapor in the air and the film water. 
Below the critical moisture eontent there will le a decrease in the 
rate of ewu)oration due, first., to slower diffusion of the water vapor 
flnl the finer capillary spaces, aml. second, to an increase in the 
film tension accompanied by a decrease in the vapor pressure of the 
fihn water. These two effects merge gradually one into another, so 
that a smooth curve showing the decrease in evaporation is the result, 
the rapid decrease in evaporation begitming when the water in the 
larger pore spaces has nearly disappeared. 
CRITICAL MOISTURE CONTENT AND MOISTURE EQUIVALENT. 
That there is a connection between the critical moisture content 
and the distribution of soil moisture follows, also, from recent work 
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.ame place wlen another ltea.tll'enell is o Ie made. A the drying 
occurs only at oe end of the oil column an error is inll'olueed, since 
the top of the soil was drier tha the bott,m, llowever, in a soil col- 
unto of this legth, if the drying lwoceeds slowly, this difference in 
lnoistul'e content of the top and lhe boltom is not very lnal'ked. 3ll'e 
serious dieultv luight be caused by the alhesio betweel lhe soil and 
surface f the glass, which would Sel'iouslv ctt down the influence of 
changing moisture content on lhe vohnne. It is evident froln this 
preliminary attempt that a lnethod suitable for accurate volume 
work should embody the following points: (1) In. order to shorten 
lhe time required for carrying through one eXlWl'inwnt it is esntial 
that the drying out of the wet sample be rapid; this can be accom- 

FIG. 32.--Apparatus for soil cohlitlll method of me:lsuring changes in soil volumes. 
plished by exposing as great an area per unit volume of soil as possi- 
}fie. (2) The thickness of the soil from the drying surface down 
should be small in order that no large difference in moisture content 
may occur between the top and the bottom of the Salnple. (3) Since 
le change in vohmle is measured by the linear contraction it is esen- 
tial to have the length fn this one direction as great as possible. (4) 
The soil should be supl)orted in sllcll a way that after drying out it 
. 
can be wetted again by capillarity without otherwise disturbing the 
sample, thus making it possible to u the same soil sample through 
several cycles of lnoisture change. (5) The soil Salnple should also 
l supl)orted in such a way that it is indel)endent of the nleasuring 
apl)aratus and movable at will. so that the same lnicrometer may 1)e 
used to measure several alnl)les drying out at the same time. These 
considerations led to the development of the " soil colunm lnethod." 
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determined with such l)recision that the readings taken at the same 
time show 11o variation within the limits of the micrometer used. 
The micrometer scale is held firmly in place bv means of a. screw 
clamp. The wooden sipport is sawed in such a wav that the 
micrometer scale is slipped into position and a screw clamp pinches 
the two sections of the wooden support. The part of the apl>aratus 
consisting" of the soil colmnn and its follower can be lifted from the 
wooden SUl,ports without in llllV YIlV affecting the soil Slnple. 
!ifferent soil sample can be placed in position nd measured by the 
 s a m e micrometer. 
A each measure- 
ment this movable 
prt. comes into the 
sme position, for 
it is brought down 
firnflv against the 
end block B. Since 
the wooden vertical 
supports are cut V 
shaped, the half- 
rouud section of 
brass tubing fits 
nugly into place. 
This method has 
proved well suited 
to soils having the 
power to retain the 
form of the cylin- 
drienl soil eolunm 
irrespective of the 
moisture content. 
Some soils, how- 
Fro. 33.Appnrntus for nfierometer method of mensurng ver, cfln llot b 
chsnges in soil volumes. S U e e e ssfully lmn- 
dled in this "way, either because when we they become incoherent 
and do not retain their form or because when dry they crumble. 
The method is not well suited for continued observations on wetting 
and drying of th same soil sample, because, as has been pointed out 
in a previous*chapter, the volume changes tend to cause ereking of 
the soil these erneks beeolne points of weakness nnd in time euse the 
breaking down of the soil column. 
ierometer method. 
In order to get round the difficulties just described the " mi- 
crometer method'" was devised, in which the soil smple is better 
supported, being hehl in a cup. The form of apparatus is shown in 
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6 PREFA('E. 

The laws governing the. al)sorpt ion of other gases or vapors al)l)etl 
in general to be very similar to those governing the absort)tion 
water vapor, and it may now be safely claimed that the broad subje( 
of absorption of vapors 1)y soils has been brought to a satisfactor 
state as regards not only our theoretical knowledge of the prin('ipl( 
involved and their importance to practical agriculture, t)ut also 
they bear upon the practical methods of ('ontrol. 
FRANK n. ('AMERON. 
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- ABSORPTION OF VAP()RS AND GASES BY SOILS. 
capacity of a soil is roughly proportional to the soil grain surface as 
calculated from tho nmchanical analysis. 
Finally, we see from the above considerations that for any one 
Val))r the mount of al)sorl)tion is l)rOl)ortional to the calculated 
soil a'ea eXl)Ose(l, m! that the thickness of film on anv given soil 
surface wries with the natu'e of tim vapor, but the data t ])resent 
vill)l(, are not sufficient to show /hat the thickness of the film is 
h,i)emhnt ul))n th,, tmtur, of th(, soil tyl)e. 
DISTRIBUTI0. 
Solids in general (lo not COml)letcly absorb gases or vapors, but 
r[her the gas is divided between the atmosphere and the solid. 
The greater the (luntit/ of gas or vapor in the atmosphere, the 
mre of it is hehl fixed 1)v the solidi, until the solidi becomes saturated 
and ('n retain m) more of the gas. A number ()f a[eml)ts have 
been mle to exi)ress this relation between ho (lUantiv absorbed 
bv the solid ml the concentration of gas in the atmosphere, as a 
ffirlv simple mathematical equation. The chemical ('Oml>osition 
()f the solidi ml tlmt of he gas of course letermine in gret measure 
the legree to which al)sorl)tion takes place, and this factor is exl>ressed 
by a ('onstnt which is different for ech solid aml gas studied. The 
effect of teml)ergturc upon absorption is likewise re('ognize(! in the 
formula l)v a c()nstnt whose vdue changes with the temperature. 
l)e Saussure" has suggested the formula V= 19.1 +0.53 P, where 
V is the wlunm of gas a(lsorl)ed and P is the pressure in inches of 
mer('urv. This r(,la/ion hohls for carbon (lixi<le. 
 1 
()stwahl b ql)lie s to gaseous adsorl)tion the equation, = C , 
wlfi('h was devehq>ed for adsorption from solution, where x is the mass 
f gas (]s)rl)e(1; m the mass ()f adsorbent s)lid; (' he concentration 
I' tim val))r l)hase" r is a ('onstmt; and 1 is au ex1)onent. Freund- 
P 
lich hdds tlmt a(ts)rl)tion from sduti)n and from vap)r by sdids fol- 
low thesame law, and ()stwald's exponent, I equals l - 1 ,where ] is 
the expm,nt in the equntion,  t=  , proposed by himself. 

, Loc. ('it. 
b Lehrbu(.h d,r Allgemeine ('heroic, II (2 Aufl.) 232. 
c h=tr  h- is simply an empirit'al relation, and is not derived analytically frown 
 ( a)givenbyFreundlich. and,areconstants;a 
the other equation, X= In a 
is l maas of gas in the system, and v is the volume of space available for the gas. 
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that hydrogen, whose latent heat of val)orization at its boiling 
point is 120 gram ('ah)ries, gives off six times that quantity of heat 
when absorbed ])v char('oal at the l)oiling point of air. Similarly, 
oxygen gas when absorbe(! 1)v charcoal liberates twice the heat due 
to liquefa('tion. 
The experiments of Parks " indicate that the quantity of water 
absorbed by a l)Owdcr from waler vapor is very nearly the same as 
the quantity of water behl on lhe surface of lhe grains when the 
powder is immersed in liquid water, lie has shown that a sili('a 
1)owlcr saturate! with water vapor gives oil' no measurable heat 
when lroughl inlo ('onlact with liquid water, whereas the dry silica 
lil)erates a definite (luantily of heat pcr square ('entimeter of surfat'e, 
and this heat evoluiion decreases in a perfectly regular manner as 
the silica powtlcr contains more and more absorbed water vapor. 
Masson b has shown that the heat ew)lved when cotton absorbs 
water vapor is for practi('al purposes directly proportional to the 
qua.ntity of lnoisture absorle(1 and is very nearly the same as the 
latent heat of vaporizati)n, lie finds the abs()rption by ('otton to 
l)e much greater than is warranie(l by its area as compared with start- 
ilar experiments using glass wod, and suggests as an explanation 
that the water hl)s;rbed penetrates into lhe cotton fiber as a solid 
solution. The thermal efl'ect dealt with here is evi(lentlx" different 
fr)m that stu(lied 1)v Parks.  
When a gas is al)s()rbed l)v a metal many iuteresting physical 
changes in the metal may l)e cfl'c('ted. Its w)lume, har(hmss, elas- 
li(.ity, electrical conductivity, and single potential and rate of solu- 
ti)n in various solvent liquids arc changed. The absorption of a 
gas, too, may d(,pend Ul)()n its condition; that is to say, the energy 
it possesses. For exalnple, free hydrogen gas is very slightly ab- 
sorbed bv iron and some other metals, but hydrogen freshly liberated 
frotn coml)inatin either bv electrolysis or bv action of metal upon 
acid is very strongly absorbed bv iron. Palladiuln, on the other 
hand, absorbs free hydrogen with great aviditv. 

SUMMARY. 

In the absorption of water vapor 1)y' quartz flour, a soil separate, 
and typical soils, the rate of apl)roacb to equilil)rium 1)etween soil 
and water vapor has been followed at various degrees of bumidity 
and these equilit)rium p)ints determined. 
Tim amount ,)f lvaier at)sorbed increases with the hulnidity, but 
mt in a simple lnathematical relation. 

a phil. Mag. (6), ;i, 521 
Proc. Roy. Soc. London, 74, 249 (1904-5). 
Lot'. ('it. 
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Bodies which have been heated and then (')oled in a vacuum show 
high absorptive power; consequently, absorption can not be looked 
upon solely as the solution of a gas in moisture films upon the grains 
of the solid. 
In general, nitrogen is absorbed by soils in greater quantity than 
oxygen. This is esl)ecially interesting, since the absorption of oxygen 
and nitrogen from air hy water gives a higher ratio of oxygen to 
nitrogen in the solution than the 1" 4 relation which exists in ai'. 
The similar high absorptive power of aluminum hydroxide, ferri(' 
hydroxide, and magnesium carl)onate for nitrogen indicates that 
this preference of soils for nitrogen is a real phenonmlmn, since these 
substances have m) way of masking their true ahs()rptive power f[r 
oxygen 1)v converting it chelnically to carbon dioxide, as a soil does, 
or to other oxides. 
The absorption of carl)on dioxide t)y soils is due in great measure 
to the presence of hydrated oxides, such as ferric oxide, and humus. 
Kaolin, calcium carl)onate, and quartz also absorh carbon dioxide, 
but in comparatively small amounts. 
Soils, whether acid or alkaline, dry or wet, absorl) anhnonia from 
the atmosphere in apprecial)le alnount. 
No one mathematical expression has been found to hold generally 
for the distribution of a gas hetween the vapor phase and absorbing 
solid. The specific attraction of solid and gas, the diffusion of gas 
into solid, the condensation of gas to liquids and consequent clogging 
of capillary channels where the forms and arrangement of these 
minute spaces enter to determine the vapor pressure of the liquid 
there enmeshed, all these factors complicate the observed relation 
of mass of gas adsorbed to mass of gas left in the vapor phase. 
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RSUM F EARLIER VRK. 13 
R]SUM] OF EARLIER WORK. 
l [otl'nmn a in 185S, summing up tim question of removal of nutrient 
salts from a soil by rains, says: 
it is very pmlmhle that each fil lS a Ivuliar power of reining eeain 
nutrient martial for plants. But this lmwer apla to have a limit, and whatever 
material over and above this limit nains in slution, follows the nmvement of this 
lulion. In this movement of water it,ll there apla to ]m a meanat let fr 
certain ils and cein lative pitmnof retufing to the each a pa of the 
leached luble mrs. When the ins are not heavy the water in the il ds not 
lnetmte very deeply, and during the evapo1ion conqucnt upon hot weather the 
war fm l%iow is in drown up to the mace and its luble Its are wtued to 
the fine il ains. 
In 166 Frank b investigated the abswption of p,tassium chlwide 
lv s,il, lie used cylinders 3 inches in diameter and 3 to 6 feet 
lng. The soil was carefully removed from the fiehl and 
phwed in these cylinders, keeping the same relative -) 
positi,m t,f the soil layers. ])istillcd water xsas passed 
till mly a 1race f chlorine came through, as sh,wn by 
a slight turbidily when silver nitratewas added. Then . 
he placed 4 liters of potassium chloride solution, 1 gram 
per liter (0.1 per cent), in a flask and inverted it above 
the sdl, so that the liquid might percolate under atmos- 
pheric pressure al,me as the soil t,)ok it up, as fihtrated 
liquid into le other bein noticed. After he had mde 
sure tha the soil contained onlr slt solution, bv nalvz- 
ing he liquid which drained from tap No. 2, 12 inches be- "" " 
h,w the surface of the sd}, and finding that the same per 
cent of chlorine was in t his liquid as in the original solution, 
he analyTd amther porlion of this same 1)ereolate and 
fi,und that it contained only 9 per cent of its origimd 
1)oassium, 91 per cent being relained })y 12 inches of 
A similar iesi f the percolalc from tap 3, 1Sin('hes })ehw 
thesurfa('e,slmwed4.5 l)ercent of potassium leftand q5 5 ton 
.... by Frank In his 
per cent absorbed. The tal)s lower down (4, 5, 6, etc.,) 
showed little further decrease in the l)otaium in the 
percolates, and even after the solution had pssed through 6 feet of soil 
it always retained 2 to 2.5 per cent of its original potassium. So there 
al)l)eam to })e a certain dilution of the solutionin this ce 1 part in 
40,000 to 50,000 parts--at which water is nmre etfective in hohling 
the diolved maWrial than the absorbing power of the soil. 
aJahmsh. A.-Chem., I. 16 (1);  aim Liebig, Ann. Chem. u. P., 105, 
lira (1); Gmuxen, Aon. Zeitung, 1, p. 1; al Jahb. A.-Chem., 1, 
(18): Ba, ndw. Ber. v. B. (1), p. 1. 
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Potassium is still more quickly a.1)sorl)cd from a solution of potas- 
sium sulphate, so that with a potassium sulphate solution it. will not 
pcnetrate the soil so deeply as with a potassium chloride solution. 
Frank found on using a solution of 1 gram pure potassium chloride 
and 1 gram sodiuln chloride to 100 parts of water that the l)otassium 
content of the percolate through 18 inches of soil still contained 18 
per cent of its original potassium, as against 5 per cent (average) 
when no sodium chloride was present. Likewise, after passing 
through 4 feet of soil the percolate gave 5 per cent of the original 
potassium content, whereas with no sodium chloride in solution the 
potassiuln content was reduced to some 3 per cent of that in the solu- 
tion added. Thus the presence of sodium chloride lowers the absorp- 
tion of potassium and carries it deeper into the soil. In addition, a 
cylinder of earth which had been allowed to absorb potassium from 
a pure potassium chloride soluiion was percolated with distilled 
water till the runnings showed no potassium in solution. Then 
a solution of sodium chlori(le was passed through and potassium 
immediately appeared in the percolates. Frank was not at all sure 
that this points to a chemical substitution of potassium by sodium. 
IIe found that the chlorine was absorbed from a sodium chloride 
solution percolated through earth and that most of the chlorine in 
the percolates was combined with sodiurr/. It appeared to him, 
accordingly, that sodium chloride is not. so easily (leeomposed by he 
earth as potassium chloride, and that a part of the sodium chloride 
is absorbed unchanged. Long-continued washing with pure water 
removed almost all the sodium chloride, while, as already stated, 
this can not be done in the case of potassium. 
Next he tried the effect of sodium chloride upon the most insoluble 
phosphates in the soil. The upper 3 inches of soil in a cylinder filled 
with earth (as above described) was mixed with precipitated well- 
washed basic calcium phosphate and the cylinder percolated with " 
distilled water. The filtration through these cylinders--4 to 6 feet 
long--took four weeks. At 12 inches below the surface only traces 
of phosphoric acid could be detected in the percolate; but, on the 
contrary, when sodium chloride solution (1 gram per liter) was passed 
through the soil phosphates were detected as far down in the cylinder 
as 4 feet and below. 
Salomon a gives the absorption of calcium by various soils and 
soil constituents from several concentrations of calcium nitrate solu- . 
tion, to which was added sufficient ammonia to neutralize exactly 
the nitric acid of the calcium nitrate. The solution was placed with 
the soil in a flask, shaken, and allowed to stand forty-eight hours, 
filtered and analyzed and the absorbed calcium determined by 
difference. The results are given in Table 1. 

a Landw. Vers.-Stat., 9, 351 (1867). 
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where free humie acid, or humic acid dissolved in carbon lioxide and 
alkalies, is present. 
It is evident that all the solute is not withllrawn fl'om the solu- 
tions ew'n at low concentrations; apparently the aluminum hydroxide 
absorbs all the calcium from a 0.1 per cent sdulion, but this exception 
to lhe general rule was doubtless due to the presence of ammonium 
carbonate in the alumimt, which precipitated the calcium as car- 
bonate. The aluminum hydroxide was prepared from alumimm 
sulphate by ammonia and washed with ammonium chloride. 
The white" Kujawischer" soil (entirely free from calcium) absorbed 
ahnost the same mass of calcium from a 0.2 per cent solution as from 
a 0.5 per cent solution. This means that the absorption capacity 
is limited. The black "Kujawischer" soil shows a similar tendency 
toward an absorption limit. 
Biedermann a prefaces a research on absorl)ti()n s follows" 
Since it has be(.l mad(, ('h.ar lhat of its.lf th(. (.hclnival amdysis of a soil can give no 
indication  to its value in respc('t to cultivation aml crop yi(.hl, one is forced to study 
the properties of the soil in other ways, and thus it is soon (liscovcr(.d that the abrp- 
tire powcr of the soil for lublc fertilizers--the ability to fix the mine and then to 
give them up to the plantsis of grcat significam'e for pra('ti('al agriculture as well as 
for the intcresting 1)hilophical question, In what form (lo the plants obtin flmir 
nourishment from the il? 
Biedcrmann studied the absorption of potassimn and of phos- 
phates by soils, and he showed the magnitude of the absorption 
effect for a number of soils, lie concludcs that chalk, nmgnesia, 
and sulphuric acid do not affect absorption by the soil, and suggests 
that by use of a suitable solute the absorptive power of a soil may 
be determined--possibly by potassium phosphate, lie tried potas- 
sium carbonate solution, percolating it through different soils and 
titrating the liquid passi'd through with sulphuric acid, but the results 
were unsatisfacto. 
The quantities of potassiuln absorbed by different soils vary con- 
siderably, and it is certain that the nmgnitudc of absorption is in 
accord with the value of a soil, alflmugh neither lhc quantity of bases 
extracted frown the soil by means of ammonium tartrate-oxalatc solu- 
tion, nor the ferric hydroxide or aluminum hydroxide content of the 
soil, nor the quantity of hunms in the soil--as slmwn by weight loss 
on ignition--give a certain indication of thc soil's productive power. 
Treutler  in a series of researches has studied the absorption and 
resolution of potassium by soils as affected by other fertilizer agen- 
cies. ]n all his work he used cylinders 9.7 cm. wide and 90 cm. long. 
Into each cylinder was shaken 4 pounds of earth (containing 85.5 per 
nt of fine earth), and then 0.5 pound of earth was rubbed up with 

aLandw. Vers.-Stat., 11, 1, (1869). " " 
b Landw. Vers.-Stat., 12,184 (1869); 15,371 (1872). 



In general, the addition of other mineral salts depressed 
al)sorplion of 1)otassium, a marked influence being noticed in the 
case ()f sodium chloride, which further 1)fought inlo solution in the 
soil 1)ercolate noliceal)]e quantities ()f magnesium salt; and f(ir this 
reason Treutlcr concludes that sodium chloride is harmfifi rather 
lhan beneficial as a fertilizer. 
Bone dust and superl)hosl)hatc lel)rcss the absorption 
slum; and Treutler considers them especially useful on this a('counl, 
as they tend lo increase the concentration of potassium sails as well 
as of 1)hosl)horic acid aml ammonia in the soil solutions. G)'psum 
and magnesium sull)hale were found to increase lhc concentration 
of polassium in the 1)crcolate. IIumus, and esl)ccially humus mixed 
with ammonium carl)onatc, apl)earc(l to decrease the al)sorl)liou , 
which cfl'ect is altrit)uted to the fi)rmation of large (luantitics of car- 
ben dioxid( from the humus. 
Kno l)  in('ludes under al)sorl)tion the process o conversion 
slid first o soluble form and then lhc sl)reading ()[ lhc subslan('e 
upon the soil ains in such a way as to withdraw it from solution, 
regar(lless o[ whether chemi('al affinity or surface attracli()n is lhe 
cause o[ this retention or whelher the substan('c absorbed is decom- 
posed ('hemi('ally or absorbed unchange(l. I le used a solulion of 1 
gram ammonium chloride in 20g c. c. )f waler to determine the absorl)- 
live 1)ower of a soil. ()no hun(lred ans o[ earth were taken for 
analysis. The nitrogen corresl)onding 1o the ammonia still left in 
solulion was delermined and lhc number of ('ubic centimclcrs 
nitrogen absorbed 1)v lhe soil taken as lhe measure of lhc absorptive 
1))wer o[ the soil. Using this method, he found lhe absorl)tion of 
ammonia by 38 soils which had been analyzed chemically. 
In a few cases he coml)are(l lhc absorl)tion of polassium wilh 
that of ammonia. For this purpose he eml)loyed an analvlical pro- 
('edure which has since been [ollowed by a numl)er of invesiigators. 
These two analyli('al melhods for ammonia and for potassium arc 
given in detail here, sin('e a number of investigators have used them 
to express lheir data on the al)sorl)tion by soils in terms of Kno])'s 
absorption figure, i. e., the cubic centimeters of nitrogen (as ammonia) 
absorl)ed by 100 ams o[ soil, from 200 c. e. of lhe amlllollilllll chloride 
solution described above. A l)olassium earbonale soluli()n w taken 
of su('h con('entration that 100 c. c. ('ontaincd cxa('tly the weight 
potassium equivalent to 100 c. e. of nitrogen gas. Fift- cubic cen- 
timeters of this solution i)lus 50 c. c. o[ the above ammonium chlori(le 
solut ion when eval)orate(1 o dryness gave all the 1)el assium as chloride, 

a Knop's bet)k, Die B(nitirung (ler A('kererde, pul)lishcd 1)y H. Ilaessel, Leipzig, 
1872, 2(1 ediIin, is n)t generally available. We are indebted to the Massachusetts 
State Experiment Station, Amherst, for the use of their copy. 
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absorbed of sulphates of soda an(1 ammonium and of chh)rides of 
calcium and ammonium about 2 per cent, of sulphate of potash 4 
per cent, and of phosphate of soda 10 per cent. Schumac]mr also 
noticed that sulphate of potash is able to expel sulphate of ammonium 
from so-called humic acid which has been saturated with the latter 
salt., but. that the latter can not disphtce the former. .In Schu- 
macher's experiments pure water freely dissolved the salts absorbed 
by the supposed humic acid. a 
A neat experimental demonstration of the absorption of soluble 
material front solution was given in 1867. IIumus and a weak solu- 
tion of oxalic acid were placed in a beaker, s The humus ahsorbed 
the oxalic acid from soluti()n, and after the humus had settled and the 
supernatant solution had become clear a little sack made of collodion, 
attached to a glass tut)e and filled with water and calcium carbonate, 
was suspended in the solution, not touching the layer of settled- 
out hmnus. The oxalic acid of the solution diffused int.() the col- 
lodi()n sack and reacted with the calcium carbonate to form insoluble 
calcium oxalate. Thus the concentration ()f the solution in oxalic 
acid is lowered and the absorbed oxalic acid fr,)m the humus comes 
again into solution, and finally the absorbed oxalic acid is practically 
all removed from the humus. This was shown by removing the 
humus a.nl extracting with hot water. The filtrate showed no trace 
of oxalic acid. The hulnus was tree from bases, so that a chemical 
c()ml)ination could not have been formed. If the humus had been 
iu c()ntact with a nutrient, solution, and had absorbed plant food 
from it, a plant whose roots were in the solution would have behaved 
in a similar manner, absorbing the solul)le matter trom solution just 
as did the collodion sack containing calcium carbonate. 
From calcium t)hosphate, humus suspended in water can absorb 
calcium and c,)nsideral)le free phosphoric acid. 
That plant sul+stances and ant,hal tissues may absorb inorganic 
chemical compounds accompanied even by chemical (lecompotion 
of inorganic solute is known. Consequently one may expect, of the 
humus constituents that they are in condition to absorb whole salts 
and acids in small amounts. If these humus constituents are coa,,u- 
,-. 
lated from aqueous solution by a small mass of acid or salt., they are 
very difficult to free of acids or salts by washing. This fact van 
Bemmelcn considers as showing that the acid or the salt is absorbed 
by a colloid.  
According to van Bemmelen, compounds of the so-called humic 
acid solul)le in water are obtained when the aqueous or alkaline 
solution of a humus sul)stance is treated with a solution ()f the by- 

aIIoffmann's Jahresb., 1867, p. 18. See also John.son, Itow Crops Feed, p. 172. 
Quoted by Schuma('her, Physik der Pfltmze, p. 304, Berlin, 1867. 
c Van Belnlnelen, Landw. Yers.-Stt., 3.5, 69 (1888). 



NEGATIVE ABSORPTION. 
CI IARCOAI,. 
laergren  fouml that either solvent or solute cmhl 1,e al,s,rbe, I, or, 
in other words, tha.t the solution couhl become more concentraled or less 
concentrated. Thus solutions of sodium chloride, potassium chloride, 
ammonium chloride, and mnmonium bromide became more concen= 
trated after contact With charcoal, while sodium nitrate, potassium 
nitrate, sodium sulphate, potassium sulphate, and ammonium nitrate 
become less concentrated. This author states that he could find no evi= 
dence of any change h alkalinity or acidity of the solutions. This 
behavior has been ascribed by the author to an increa in the density at 
the surface of the solid--an increase in density which havolves an increase 
in pressure. If, therefore, an increase of pressure increases the 
bility, or, i other words, if solubility is accompanied by a decrease 
of volume, there will be a positive absorption; but under reverse 
conditions there will be a negative absorption. Lagergren has cab'u= 
]ated the degree of absorption from the surface of the solid exposed, 
the radius of molecular action, and the density of water under differ= 
ent pressures. The results of the calculation for absorption of amino= 
nium chloride and the observed absorption agree fah'ly well. 
KAOLIN AND GLASS WOOL. 
Parallel results have been ,d,t.a.ined where the absorbing material 
is kaolin and glass wool, the negative absorl,tion of sodium chloride 
by kaolin having been found by van Bemmelen.  
CLAY, 
White china clay has been used as an absorbin medium by Cush= 
man," who finds a considerable decrease in the basic ions from solutions 
of ammonium chloride, barium ,'hloride, and alumhum st@hate. 
The data hdicate that there may have been also a negative absor W 
tion of the sull,huric acid, i. e., a considerable absorption of water 
from aluminum sulphate solutions, which lhen became more con= 
centrated with sulldmric acid, although the auth,,r thinks the 
nomenon is ,lue entirely to the fact that, owing l,, ]y, lrolysis, free 
acid necessarily exists in a s,>luti,,n of a. salt ,,f a trivalent base. 
SELECTIVE ABSORPTION OF DYES. 
Dyes forming c,,lhi,lal solutions are extremely sensitive t,, elec- 
trolytes in regard to their dsorption a, the effec[ being proportional 
o the size of he colloidal particles. In the case of electro-negative 

aBihang till K. Sv. Vet. Akad. Ilandl., 24, Afd. II. No. 4 (1898). 
b Zeit. anorg. Chem., 2:3, 321 (1900). 
cBul. No. 92, Bureau of Chemistry, U. S. Dept. Agr., 1905, p. 18. 
d Bayliss, Biochem. $our., 1,175 (1906). 
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h)am when calculated on the basis of their mechanical analysis, and 
yet the Marshall soil absorbs nearly twice the quantity of (lye taken 
up by the Ilagerstown soil. Again, both of these soils have an area 
presented by their grains nearly twice as great as the surface offered 
by the same weight of the quartz flour used, and yet the quartz has 
by no means half the absorptive capacity of either of tile soils. The 
presence of organic matter is undoubtedly a very important factor 
in deterlnining the magnitude of the absorption; but this absorption 
of (lye by quartz shows that the mineral constituents of a soil, as 
well as the organic nmtter it. contains, enter in to determine its 
absorptive capacity. It is certain, moreover, that mineral con- 
stituents other than gelatinized products of hydrolysis are capable 
of absorbing soluble bodies from the soil solution to a marked extent. 
Considering the concentrations of dye when the soil has nearly 
reached its maximum al)sorl)tive capacity, it will be seen in Table IV 
that Marshall silt loam abstracted from solution 9'2.5 per cent of the 
total (lye added; the llagerstox n loam, 51.1 per cent; and the quartz 
flour, 59 per cent. At lower conceutrations of (lye in solution the 
soils absorbed relatively more (lye, an(1 although the dye is truly 
distributed between soil and solution the soil hohls so large a portion 
of (lye that for practical l)urposes tile (lye is all a'bsorbe(l. Thus for 
0.5 gram (lye added the Marshall silt loam absorbed 97 per cent; the 
Hagerstown loam, 99.99 per cent; and the quartz flour, 59 per cent 
of the (lye. When only 0.075 gram (lye is added, the quartz flour 
absorbs 99 per cent, leaving only 1 per cent in solution. Conse- 
quently it. is ('lear that absorption experiments carried on over a 
limited range of concentrations may lead to falseconclusions regarding 
the distribution. These experiments further eml)hasize the fact 
that a soil may hohl a relatively large quantity of water-soluble 
material even in contact with a very dilute aqueous solution. 
]OSIN] DYE BETWEEN QUARTZ FLOUR AND SOLUTION. 
Table V gives the data for the distribution of sodium cosine betwee, 
quartz flour and water. Here the absorptive capacity of the quartz ' 
for cosine does not tend to a limiting value--at these concentrations--  
as it does for gentian violet, but the absorption of cosine is nearly 
l)roportional to the quantity of cosine in solution, the distribution 
curve being not quite a straight line. Examl)les of linear distribution 
are known. For instance, Gaubert  observed it for the absorption 
of methylene blue by crTstals of phthalic acid deposited from solution 
in the dye when the solution is cooled, and for the absorption of the 
same (lye by crystals of nitrate of urea. Amt Van Bemmelen b has 
given an interesting case in the a.l)sorl)tion ,f potassium chh)rile l)y 
stannic oxi(le. 
a Compt. rend., 112, 936 (1906). b Zeit. anorg. ('hem., 23. 113 (1900). 
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nmximum absorptive capacity for the other two soils, but a com- 
parison of the soils on the basis of ihe highest quantity of manure 
absorbed by each gives a ratio of 2.7"2" 1, in the order: ][agcrstown 
loam, Marshall silt loam, and Norfolk sand. Here the order of the 
absorptive capacity is the reverse of that found for gentian violet as 
shown in Table IV, where Marshall silt loam had nearly twice the 
absorptive power found for the llagerstown loam. 
RELATION O I)ISTRIBUTION TO THE USE O ERTILIZERS. 
This series of experiments is important in showing that absorption 
is dependent as much on the nature of the solute as on that of the 
absorbent. It further indicates the prbal)le futility of attempting 
to select empirically a dye with which quantitative measurements 
might be made to determine the absorptive power of a soil for manures 
or fertilizers, or to determine its relative crop-producing power. 
The experiments with gentian violet, together with those using 
manure, in Tables ]V and VI, show that when fertilizers are applied 
to a soil relatively less and less soluble matter is absorbed from the 
fertilizer as more and more fertilizer is added to the Salne area. But 
on any given tract the perce,dage of fertilizer absorbed is greatest 
where the least fertilizer is used. 
The usual application of fertilizers, however, does not raise the 
concentration of the soil solution ppreciabl3". This is due to the 
fact that soils in the fiehl can still absorb far more of the fer'ilizer 
constituents, and the conditions are represented by the steep portion 
of a distribution curve, in which region the soil absorbs large quanti- 
ties of soluble material, leaving the solution ve little different from 
the original soil solution. 
Several of the cases given above for the distribution of a solut 
between water and soil can be represented by straight lines, that 
is, they can be described by a linear function of the forln C/Ca= K. 
In what appears to be the more general type of distribution, how- 
ever, the data do. not accord well with the equation C"/C=I(, 
but with equations of a more complex form; in fact, for some dis- 
tribution curves, when the logarithms of C and C 1 are taken and 
plotted, a curved line results, showing that no expone,dial equation 
describes this particular distribution curve. As these complex 
equations have no special significance and are purely empirical, they 
are not" given here. One reason for these deviations from the siln- 
pler forms of the distribution equation was apparent in the marked 
changes in the state of aggregation or "flocculation ''a of the soil 
particles induced by different concentrations of the solute in the 
aqueous solutions. ]n the absorption of eosine by quartz, vhere 

apatten, Trans. Am. Electrochem. Soc. 10, 67 (1906.) 
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HEAT EVOLVED BY SWELLING STARCH. 
ih)lewahl a has studied quantitatively the energy changes of starch 
as it absorbs water. One +pecimen evolved 24.02 calories per gram 
of starch ; another, 19.4 calories. IIe finds that the greatest available 
effect in the passage of heat into work which can 1)e reached in the 
swelling of starch is 11.4 per cent of the total heat effect, which latter 
is 24.02 calories. This result is t)ased upon measurements of volunm 
change luring swelling. The average pressure 1)etween the ultra- 
microscopic cells of starch is calculate(l as 2,137 atinospheres, while 
very near to a cell wall the pressure wouhl be much greater. Com- 
paring this value with those of Dupr6 (25,000 atmospheres) and 
Young (23,000 atmospheres) and Lagergren (6,000 atmospheres), it 
seems probable that in the swelling of starch the imbibition effect 
predominates over the absorption. 

COMPENSATING FACTORS THAT MASK THE ENERGY CHANGE IN 
ABSORPTION OF MATERIAL FROM SOLUTION. 

The foregoing citations contain only the heat changes consequent 
upon the wetting of 1)owders and the absorption of vapors. No 
values for the energy change accoml)anying absorption from solution 
are awilahle, although it is possible to make such measurements. 
This phenomenon is analogous to the general prol)lem of the energy 
changes attendant upon the process of solution. In this case the 
determinations of the individual forces at work is difficult; the actual 
heat and volume changes measured are the resultant, of all the forces 
involved. Among these are the attraction of solvent and solute and 
the cohesion of the solute. Some idea of the cohesion of the solute 
may be obtained from its heat of vaporization. In like manner it is 
di[Iicult to estimate the individual forces in the case of absorption 
from solutions, f(r there are the added factors of the attractions of 
the atsorbeut for both solvent and solute. At present the best trait- 
cation of the magnitude of these forces is the chemical deconal>osition 
which they produce--decompositions which, effected in other ways, 
require large quantiiies of energy. 

THE CONDITION OF THE ABSORBED SUBSTANCE. 

THEORIES PROPOSED. 

The earlier theories of absorption, and more especially of adsorp- 
tion, were based either upon the assumption of a pressure at a surface 
layer of liquid higher than that in the free liquid or upon the theory 
of wetting of a solid by a liquid. 
()nly at the saturation point is it possible to consider the effect of 
l)ressurc ul)on the solubility. The case of absorption from unsatu- 

a" Resear('hes on the Swelling of Star('h," Lil)sius and Fis('her, Leipsig, 
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(lye. Under the microscope the (lye upon the quartz grains shows 
its characteristic colors for reflected and transmitted light, and 
when the dyed powder is sut)jected to percolation with distilled 
water the (lye is gradually removed and recovered intact, a 
In some cases the adsorbed material is retained in solution in the 
layer of liquid ('lose to the surface of the solid. This is very well 
shown for alkaline carbonate solution with soil. The fine clay par- 
ticles when suspended in the solution produce no appreciable lower- 
ing of the electrical conductivity, but when hey are removed by 
centrifiugal action or by settling the quantity of adsorbed material 
which they carry down with them is sufficient to reduce the con- 
ductivity of the supernatant liquid to a marked degree.  And 
since these carbonates, or any chemical compounds they might form, 
have a low conductivity as solids it follows that they are present 
in solution-at the surface of the soil particles and contrit)ute to the 
conductivity of the main body of liquid in which the soil is suspended. 
Shoul(! the ('lay contain hydrated silica, alumina, or ferric oxide in 
an amorphous con(litton, part of the solution will be imbibed by 
them and remove(! when the suspension is cleare(! by settling; but 
in this case, too, the fact that the absorbed material contributes 
to the electrical conductivity shows that it is still in solution. 

ABSORPTION BY CHEMICAL FIXATION. 

In addition to these three types of physical absorption, we may 
have chemical fLxation of dissolved bodies at the surface of a solid. 
The solute may be removed from solution as a whole and added to 
the soli(l absorbent to form a compound. Thus metallic silver will 
absorb chh)rine from solution forming silver chloride. The absorb- 
ing solid, too, may lose some constituent at the same time that it 
absorbs the solute. Solid calcium hy(lroxide at)sorbs carbon dioxide 
from solution and h)ses water. Much more complicated replacement 
reactions between soil constituents and soil solution take place, as 
set forth at length in a previous bulletin.  
Since manv cases of absorption are known in which both physical 
and chemi('al changes occur, the above classification, although con- 
venient, shouhl not be rigidly applied. Indeed, all gradations of 
union are possible, from purely physical surface adhesionwhich still 
depends Ul)On the composition of the bodies inw)lved--to purely 
chemical comt)inations. One important interme(liate step may be 
solution, either liquid or solid. 

a Trans. Am. Electrochem. Soc., 10, 67 (1906). 
b Electrochem. and M('t. Ind. i, 257 (1907). 
cBul. No. 30, Bureau of Soils, U. S. Dept. Agr., 1905. 
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higher than these vahles given, since the dye absorbed is in or on the 
soil grains, while part of the hygroscopic water shouhl l)e reckoned as 
capillary water an([ is the same in concentration as the supernatant 
solution from which the dyed soil grains have settled out. 
Since the calculation just nmde gives such high values for the con- 
centration of dye upon the soil grains, it may even be that the dye 
is not in solution in the surface layer, but has separated upon the 
grains as a solid. The work of Rohde ' is in line with this. IIe 
slates that the aqueous sohflions of fuchsine and lnethyl violet form 
at their surfaces solid layers which through their lnetallic luster are 
unmistakably evident to the eye. The surface of the liquid becomes 
first more concentrated, then viscous, and finally stiff and solid, so 
that in the condition of equilibrium the solution is covered with a 
skin of solid dyestuff, b 
Rohde says, again, that the solid surface layer is the thicker and 
forms the faster the more concentrated the solution. According to 
his calculations the thickness of the layer (of solid dye) is alwavs of a 
lower order of magnitude than the radius of the sphere of action. 
The present calculation, hovever, shows that the laver of dye on the 
"grains of quartz flour, Marshall sill loam, and Iiagerstown ]oaln is 
many fohi that of the calculated lnolecular dimensions. This is also 
true for the absorbed layer of eosin and for manure extract, and 
aside from these calculations microscopic examination shows a very 
appreciable layer of dye on the grains. 
EFFECT OF ABSORPTION UPON THE PHYSICAL CONDITION OF 
THE SOIL. 
RELATION OF ABSORPTION TO THE FORMATION OF AGGREGATES. 
The absorption of nutrient salts by the soil not only maintains a 
proper soil solution, but also exercises a marked influence upon the 
size of the soil aggregates. This soil structure in turn governs the 
water-holding power, the porosity, and consequently the aeration of 
the soil; and these factors arc of the utmost importance to the 
bacterial life in the soil, as well as to the changes in the organic and 
mineral constituents. The effect of al)sorption upon the soil solution 
has been discussed in several preceding chapters. 

a Ann. Phys., 19, 935 (1906); see also the references given in the preceding sections. 
b "Es spricht nichts gegen die Annahme, (lass die molekularen Kriifte, weh'he die 
Auascheidung des festen Farbstoffs bewirken, dieselben sind, wie bet der Ober- 
fliichenspannung der Fliiasigkeiten tiitigen. Es Wiirden namli('h die grossen zwisclmn 
zwei Wasser molekiilnwirkenden Kriifte, welche auch die grosse Oberfliichenspannung 
des Wassers zur Folge haben, es bewirken miissen, dass (lie an der Oberfliiche der 
Farl)stoffslbsungen befindlichen Farbstoffnolekiile, mit frosserer Kraft in das innere 
der LSsung gezogen werden, als die dort befindlichen Farbstoffmolekiile, was die 
bobachtete Anreicherung der Oberfliiche an Farbstoff zur unmittelbaren Folge ergibt.': 
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trivh'nt metals to th)cculatc coll)ids was in the l)rOl)rtion of 1 t 30 
to 1,650. This in turn has been ascribed 1)y Bredig a and Sl)ring to 
the hydrolysis of the salt, the degree o[ wiiich ncreases ve rapidly 
as the valence of the cation increases. 
Colh)id suspensions have been divided into two classes" Those wnicl 
migrate toward the cathode under electrical stress and th()se which 
migrate toward tim anode. The colloids which migrate toward the 
anode are said t,) ]e 1)recipitat('d 1)y anions, and vice versa. This 
migrant, ion of the colhids reseml)les the b(,havior of an eh,ctrolyte, 
and the theory has been dvanced that colh)ids in s()luti()n are in 
reality large aggregations with small electrical charges,  which are 
counterbalanced 1)y the presence of ions carrying the opposite charge. 
Thus there wouhl 1)e an e(luilibrium between the two, and a disturl- 
ance of the equilil)rium bv the addition of a salt to the solution tends 
to pr['cil)itat' the cdhid. " Further, both ('lass,s of colloidal sus- 
pensions have the peculiarity that anv one is l)recil)itated from the 
solution when a(ld('d t,) a SUSl)elsion of )ne of the )ther classes, the 
1)recil)itate being f (',)ursc a naixtlar(, of the tw(). a 
IIilgard  has sh)wn lhat increase ()f teml)erature decreases floc- 
culation; alcohol and eth('r decrease th)cculation, as do also alkalies, 
while neutral salts, acid, and lime promote flocculation. Whitney/ 
has also given considerable attention to flocculation, especially its 
effect Ul)On the adaptation of special crol)S t) soils. At his sugz 
gestion Bliss a made a study of the t)recil)itation of SUSl)cnsions and 
fouml that sodium chloride and hydrochloric a('ii induced floccu- 
lation, while l))tash aml ammonia inhibited it, and also that the 
concentration of the solution is a determining factor. B)dlfinder a 
has given the c)m'entration of typical acids, bases, and salts re- 
quired to l)recil)itate kaolin suspended in water. Sachsse aml 
Becker  have determined the l)ercentage of several salts i)recqi- 
tared from suspension by lime water. 

a Anorganische Ferm[,nte, 1901, p. 15. 
b Bul. A'ad. Roy. Belg., 1900, 483. 
c Duclaux, (('ompt. rend., 140, 1544 (1905))c)nsiders the, granules of t colloidal 
solution as of such magnitude that they may be regarded as eondu('tors of ele('(rit'iy. 
d Lindcr and Picton, Jour. ('hem. Soc., 67, 63 (1895); Frcundlich, Zeit. phys. 
('hem., 44, 129 (1903); des Bancels, Compt. rend., 140 1t")47 (1905). 
e Forseh. Geb. Agr. Phys., 2, 441 (1879); also Silliman's Jour., 1 7, Mar'h. 
il)id. 6, Oct. and Nov., 1873: See also S. W. Jhnson. Rcpt. ('onn. State Bot(rd Agr., 
1877-1878, Hartford, 1878, The reasons for Tillage. 
I Bul. No. 5, Division of Agricultural soils. U S. l)cpt. Agr., 1896. p. 9; l"ourth 
Annual Report, Maryland Exp. Sla., 1891. p. 25: Bul. N. 4. Veather Bureau. 
U. S. Dept. Agr. (1892), p. 80; See also Wiley, Prin'iples and Pra('ti('es of Agri('ullural 
Analysis I. 1894, p. 171. 
g Phys. Rev.. 2, 241 (1895). 
h Neues Jahrb. f. _Mineral. II. p. 147. 1893; alstr.. I"rs'h. (el. Agr. Phys., 18, 
76 (1895). 
i Landw. Vers.-Stat., 45,137 (1894); abstr.. Fors'h. (eb. Agr. Phys., 1. 7/5 (1895). 
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ing from ll) or more inches in length (loess puppets) to microscopic 
size, hehl together lv lime carbonate, but eollapsin into silt. and 
sand when the lnaterial is treated with acid so as to dissolve the 
eelnent. The rough smaee of these aggregates, ipping into each 
o/her, explains the stability of the steep loess cliffs in the United 
Sates, as well as in northeastern China, as observed by Von Richt- 
ofen and Pumpelly."  
Mayer,  starting from the well-known setiling of lnuddy water 
lv addition of comlnon sal[, divides the salt ?olutions into two 
classes" (1)flmse which behave like distilled water, alloMng the 
soil partieles to settle regularly according to their diameters and 
speeifie avities; (2) those solutions in which the precipitate frms 
a mass of eoherin floes, the neihborin particles showin a ten- 
dcnev to hdd toether, tie places hydrochloric acid, nitric acid, 
sulphurie aeid, their salts, fixed alkalies (NaOII, KOI[, ]AOI[), and 
ammonia in the tirst class. Alkali sulphates have only a slight ten- 
denev to promote sedimentation. Lime water preeil>itates the sus- 
pension of soil even better than fixed alkalies, while powdered cal- 
cium earbonate mixed with the soil before stiing with water has 
no effect upon the rate of settling. 
Mayer also showed that se(limentatiou is not l>ereel)til)ly affected 
until the coneen/ration of soluti()n addled reaches a fairly definite 
per cent. The l)ercentages at which precipitation just takes place 
are for the following solutes: Soap, 2.5; ammonia, "2.5; neutral so- 
dium l)hosl)hate , 2.0; phosl)horic acil, 0.8; 1)otassium hydroxi(le, 
0.56; sodium sulphate, 0.4; calcium hvtlroxile, 0.0S; sull)huric aeid, 
0.025. The soil used was a fine clay from Iowa washed free of car- 
bolmtes by hydrochloric aeid. IIe showed that a soil sul)jec/ed 
l)er('olation by distilled water at constant pressure allows the li(luid 
to l)aSS through at a constantly decreasing rate. This decrease is 
produced by l)acking and by clay particles lodging in the minute soil 
channels. Wheu a salt solution belonging to his second classi, e., 
one cal)able of precipitating the soil from SUSl)ension in wa/(,r--is 
passed through a soil already washed and well l)acked down 1)y l)erco - 
lation, an increase in the rate of flow is observed. IIe confirmed this 
phen()menon for sodium chloride and calcium hydroxide and, fur- 
thermore, showe(l that on washing out by ])ercola/ion the salt 
sorbed by the soil (luring its contact with salt solutiol the rate of flow 
was very greatly reduced. This l)henolnenon has been fully con- 
firlned in this laboratorv: for l)otassiuln carbonate solutions l)assing 
through Galveston elay, Marshall silt loam, IIage{stown loam, and 

a Ililgard, Soils, p. 110 (1906). 
b Forsch. Geb. Agr. I'hys., 2, 251 (1879). 
cSee page 94 ; also ('ameron and Patten. Jour. Am. ('hem. Sot., 2., 1645 (1906,; 
also Itissink, ('hem. Weekblad, 4,663 (1907). 
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An inspection of the results presented in Table XVIII shows that 
while the water passing through the soil is kel)t umler a constant head 
the rate of percolation is not constant, but varies somewhat from lime 
to time. The first water entering the dry s{dl runs through quite rap- 
idly, but as soon as the soil becomes saturatel it moves lllllC}l lllore 
slowly. Variations in the rate of percolation are subsequently 
served, (hie undoubtedly in some cases to "channeling" in the soil, in 
some cases probably to "silting up" of channels, and in other cases 
partly to the fact lhat as the percolati)n ro('eeds the strongly defloc- 

0 ' I l I 
I000 EO00  4.000 
FIG. 3.--Curve showing the total quantities oI carbonates, bicarbonates, and chlorine removed by 
rcolating North Yakima black alkali soil with distilled water. 
culating action ()f the alkali diminishes as its quantity decreases, so 
that the soil behaves as if it suffered a change in texture as well as in 
structure. For these reasons the concentrations of the successive ])or- 
tions of the percolates, as evidenced by the conductivity as well as 1)y 
the analyses, (!o not show a regurly progressive change, although on 
the whole the concentrations t)ecome lower and lower as percolation 
proceeds. These results are in harmony with many field observa- 
tions where it has been found that the concentration of a drain@e 
water lnay vary over quite a wide range, depending upon the rate at 
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clearly in figure 4, in which the ordimt(,s represent the con('eutra- 
ti}ns in l)arts l)Cr million in successive portious of lhe percolate. 
This result i; analog,,us t,) f,rmcr leaching experilneUts ma(le in this 
lal)oratorv. An inspection of the results for l)i('arb,mates sh,,ws, m,>re- 
over, that if the first f('w ol)scrvations l)c disregarded the h,a(.hing 
('urve is described with fair a('t'ura('v by the equation 
dr= K (A -y) 
proposed by S('hreincr and Failyer.  

RESULTS wrrlI s{)ll. FROM 
FRESNO. 

o ,o o 3o ,o 
TOTAL CUBIC GIVT//vIETER, Of 
FIG. 5.--Curve showing the progressive change m the rate 
ol rcolation as the soluble salts are extracted Irom 
Fresno black alkah soil by distilled watt.r. 
colation, becoming quite 
regular after about 300 c. c. have l)assed through the soil. It is 
I)elieved that these (.hanges in the physi('al condition of the soil 
affecting percolation in these experiments arc very helI)ful in show- 
ing what may I)e exl)ecte(! in fichi pra('tice, although it must be 
remembered that the intermittent leaching to which the soil is sub- 
a Bul. No. 32, Bureau of Soils, U. S. Dept. Agr., 1906. 

In working with the 
Fresno saml)le the saint ex- 
perimental difficulties were 
('ncountered as with the 
Ykima smple, in 
('hanges in flocculation and 
channeling materially af- 
fected the rate of lca('hing. 
In Tat)le XIX are given the 
rates of Ica('hing during the 
earlier part of the cxperi- 
meut. The results arc more 
clearly sh,)wn in figure 5. 
It is seen that at first there 
is a ral)i(l fall in the rate, 
and then as percolation 
pro('eeds, with the forma- 
tion of channels and an in- 
crease in the flocculation 
due to the partial rcmowd 
of the alkali, there is an in- 
crease in the rate of per- 
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je{'ted in th0 tiel{I shoul{I I,e in,re effect ire than the lab,ratory results, 
at least in so far as respects the x olume {f water reuirc, l. 
In "Fable XX arc given the dat,t obtained from the leachings of the 
lPresno s,il, whi{'h are also shown in figures ; and 7. 
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The headings of Table XXI are self-explanatory. "Fable XXII 
contains a sunlnlary of the most important points 1)rought out in 
Table XXI and in the leaching experiments on these soils, already 
given, using only distilled water. 
For the North Yakima soil containing gypsum the quantity of car- 
bonates in the successive percolates decreased continually, whereas 
in the natural alkali soil an intermediate portion of the percolate 
had the highest content. Furtl:ermore, the concentration of bicar- 
bonate in the percolates from the soil treated with calcium sulphate 
were many times lower than the correspon(ling concentration of the 
percolate from the untreated soil. 
Moreover, using distilled water alone 2,490 c. c. were passed before 
all the normal carbonate was leached; but with calcium sulphate 
present, all the normal carbonates came out in the first 30 c. c. of per- 
colate, and this volume of liquid is very nearly that required to satu- 
rate this soil with water; therefore it is very likely that the calcium 
sulphate solution from the top layer of soil in the percolation tube 
did not react with this first percolate to its full extent, but pushed 
this solution on before it and out of the soil. That some reaction 
had taken place is shown by the decrease of nearly one-half (43.4 per 
cent) in the quantity of bicarbonates present in even this first per- 
colate. 
Distilled water leached in all 0.7283 gram bicarbonate from the 
natural soil, while with calcium sulphate present only 0.1206 gram 
bicarbonate appeared in the filtrate. Using calcium sulphate, only 
one-tenth of the volume of water was required to reduce the con- 
centration of bicarbonate in the percolate to 40 parts per million. 
Experilnent 2 indicates that the presence of sodium chh)ride in quan- 
tity does not materially reduce the efficiency of calcium sulphate, 
since the chloride is rapidly removed, After -177 c. c. of percolate 
had passed the concentration was only 42 parts per million chlorine in 
solution and after 333 c. c., no chlorine appeared in the runnings. 
For the Fresno soil a comparison of the first six percolates of Table 
XXI with those of Table XX shows that calcium sulphate has re- 
duced the concentration of the carbonates in the percolates far 
below that from the natural soil. 
IIere. too, the calcium sulphate maintained an open structure in 
the soil favorable to a steady percolation; and the ready access of 
solution to the soil contributes to the completeness of the conversion 
of the alkaline carbonates in the soil into the slightly soluble calcium 
carbonate, with the consequent rapid disappearance of bicarbonate 
and normal carbonate in the percolate as shown in experiments 3 
and 4, Table XXI. In both of these experiments the conversion 
of normal carbonate to calcium carbonate is seen to be very nearly 
complete since normal carbonate is practically absent from the 
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no additional sodium chloride, whereas the same volume of percolate 
removed about 0.04 gram of bicarl)onate from the soil which had 
been treated with gypsum and sodium chloride. The same phe- 
nomenon is met in the case of the Fresno soil. In the case of the 
Ykima soil the increase in the bicarbonate in the l)ercolates is evi- 
dently due to the ral)idly decreasing quantity of sodium chh)ride 
present. For both soils the final removal of sodium chloride is accom- 
panie(l by an almost abrupt drop in the concentration of the l)erco - 
late with respect to bicarl)onate. 
In conclusion, these experiments indicate that the use of gypsum 
facilitates the relnoval of black alkali from soil, although at the same 
time it (l(ls to the total quantity of.alkali present. 
ABSORPTION OF POTASSIUM FROM CARBONATE SOLUTION. 
The problem of absorption of salts I)y soils has been studied not 
only by percolating natural alkali soils with distilled water, deter- 
mining the quantity ()f salts removed, but also by the al)sorption of 
salt from a percolating salt solution. After introducing into the soil 
in this manner a considerable quantity of the alkali salt, thus simu- 
lating an alkali soil, percohtion was commenced with distilled water. 
In the following experiments upon the removal and al)sorption of 
a bse ],y a soil, a l)Otassium salt was used rther than a sodium salt, 
on account of the experimental difficulty of determining small quan- 
tities of sodium in solution. The normal ('arl)onte f potassium 
was chosen 1)ecause l>revious work gives the form of the curves for 
the removal of carbonate. The alkalinecarbonateq, unlike chlorides 
and phosphates, which were studied by Schreiner and Failyer, a have 
an enormous influence upon the i)hysical condition of the soil. 
The experimental difficulty is not so much to reg;late the rate of 
percolation or to kee l) it. sufficiently slow, as to get the solution through 
the soil at all. One hundred grams of each soil was placed in a 
paraffined brass tube fitted beh)w with a short section of a Pasteur- 
Chaml)crland filter tube, as already descril)ed. The solution was 
percolated through the soil under a bead of 6.5 feet water pressure 
aided by nearly an atmosphere of suction from a filter pump applied 
below. This pressure was just sufficient for the needs of the experi- 
ment. 
Four soils, Galveston clay, Marshall silt loan, lIagerstown loam, 
and Norfolk sand, were percolated with a solution of potassium car- 
bonate containing 444 parts potassium per million parts of solution, 
and the potassium in the percolates determined colorimetrically  
for low concentrations and gra-vimetrically as the chlorplatinate, 

 Bul. No. 32, Bureau of Soils, U. S. Dept. Agr., 1906; Jour. Phys. ('hem., l . 239, 361 
(1906). 
bBul. N[. 3l, Bureau of Soils, U. S. Dept. Agr., 1906. 
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6 ISOLATIOI OF HARMFUL ORGAIIC SUBSTANCES. 
with some absorbing igent, such as ca'b()n black or ferric hydrate, 
which furnishes no mineral plant f()o(l, Ires the same effect. In other 
words, auy treatment which dilutes the inldbito y material in the 
soil extract makes it better even when the mineral plant food is 
diminishe(l at the same time. In further accord with these obsewa- 
tions  the fact that the addition of certain chemicals which furnish 
no 1)l,nt food often iml)roves ])()or soil extl',cts. Pyrogallol is such 
a coml)ound, the improvement being evidenlly due to some change 
in the harmful nmte'ial b,'ought ,bout by the added compound, or 
else it crumbles the 1)lant to overcome the harmful effect. 
The second 1)rol)osition, viz, that roots may excrete harmful 
bodies, is bsed, first, on the behavior of the r)()ts of wheat seedlings 
when grown in agar-agar in which wheat had been previously grown,  
ml, furlher, on the fact that from soils in wlich wheat and cow- 
peas had been grown until tlm growth was greily diminished crys- 
talline substances ]mve been obtained which were found to be inhibi- 
tory to wheat and cowpeas, respectively, when thesewere grown in 
wa[er solulions of these sul)stances.  These substances could not be 
obtained from these soils before the repeated growth of wheat and 
cowpeas. 
The third 1)roposition has to do with the constituents of 1)lants 
that on the death and decay of vegetation become part of the soil, 
in conra(listinction o those which may 1)ossibly be excreted (luring 
the growth of the plant. The number of such com])oun(ls which 
have been studied with respect to their toxicity to plants when com- 
pared with the number which may possibly find their way into tho 
soil is very small, and no sweeping conclusions can be drawn as to 
what classes of compounds are and what ,re not inhibitory to plant 
growth. The work (lone, however,  is sufficient to establish the fact 
tlmt many such constituents are harmful. In view of the great num- 
ber of such COml)ounds , this work might be continued ahnost in(left- 
nitely, but since many of these 1)lant constituents are undoubtedly 
soon changed into other compounds in the decay which dead vege- 
tation un(lergoes in the soil, such continuation does not seem to be 
the best way in which to attain the end which is the object of fertility 
studies, viz, 1)r()fitblc rotation an(1 ration,1 fertilization. Once it 
has been established that some l)lant constituents are harmful, the 
attainment of this end seems to lie in the study of such bodies as are 
actually in the soil under infertile conditions and the way  wMch 
they arise in the soil. 
To the three general statements made above there may be added, 
as a SUl)l)lementary proposition, that the harmful compounds in soils 

a Bul. No. 40, Bureau o[ Soils, U. S. Dept. Agr. 
b Schreiner and Sullivan, Science, 27. 329 (1908). 
c Bul. No. 47, Bureau of Soils, U. S. Dept. Agr. 
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STATEMENT OF PROBLEM. 

The extension of the investigation beyond the generalizations men- 
tioned above involves, among others, three problems, each complex 
in itself. These am the identity and nature of the harmful substances 
in soils, their sources or the way in which they get into the soil, and 
finally the relation of harmful substances to ea('h other, to nontoxic 
or even beneficial substances, and to added bodies such as fertilizers, 
both organic and inorganic. 
These problems, especially the last stated, are very complex, and it 
wouhl seem most improbal)le that the practice of ,griculture could 
ever become scientific, except through the complete clearing up of 
the questions involved. Every effort shouhl 1)e made, then, to shed 
light on the identity, source, and general properties, including destruc- 
tion or alteration, of inhil)itory compounds. It is only by this that 
the practice of agriculture can 1)e placed on the same plane with 
other great industries which have profited so much by scientific 
research in the past, a scientific develol)ment in which agriculture 
has not shared to its fullest extent. 
With the first of the 1)roblems stated, the isolation, identification, 
and general properties of harmful soil compounds, the present paper 
is chiefly concerned. 
The questions which naturally arise on a first approach to this 
prob.lem are, first, wha.t is the origin of the organic matter in general in 
the soil, what kind of substances furnish the material out of which 
the organic 1)ortion of soils is made, and what changes or transfor- 
mation does it undergo in the soil? Second, are any of the organic 
compounds which first inquiry may have shown to become pa.rt of 
the soil, or to be formed in the soil, harmful to 1)lants in the small 
amounts in which they would 1)robbly be present? 
If in pursuit of this second inquiry it is found that some of the sub- 
stances which get into the soil, or others which we must conclude am 
formed in the soil, are harmful, a further (luestion arises. IIave any 
of these substances been found in soils, or may there not be in the 
soil other substances which, because of insufficient data, have not 
been considered at all up to this point ? The possibility of the pres- 
ence in soils of compounds, of which neither the 1):esence nor effect 
couhl t)e predicted, or even suspected, at once makes the inquiry the 
more general one, what do we know of the olanic matter in the soil ? 
The problem of the isolation, identification, and study of the general 
properties of organic soil compounds is, as has been stated, a complex 
one not olfly in itself but in its relations to other problems in soft 
fertility. 



10 ISOLATION OF HARMFUL ORGANIC SUBSTANCES. 

of cleavage, depending on the structure of the original molecule, be 
it through the agency of micro-organisms as in decay, the agency 
of enzymes in digestion or agents such as acids or alkalies in the 
laboratory. These simpler bodies, which are termed primary cleavage 
or degradation products, are no doubt formed in the soil as elsewhere 
as the first steps of decay. 
These primary cleavage products, however, particularly in the 
case of protein, are subject to still further decomposition through the 
same or other agencies. These secondary ])roducts arc xery numerous 
and of widely varying composition, structure, and, of course, chemical 
and ])hysiological properties. To this is due the very different final 
products of (lecav or putrefaction under different conditions. To 
this variation in secon(larv decomposition products under different 
conditions of temperature, moisture, aeration, etc., the varying 
character of the organic matter in soils is probably due more than to 
differences in the plant or anilnal material which originally goes into 
the soil. 
The number of such secon(lar" products that may be formed is 
very large, and includes gaseous products which are the final stages 
of the decomposition of the organic matter into its elements, and 
practically all intermediate compounds between the original complex 
molecules and the final simple compounds. In other words, there is 
a continual "building (h)wn" process from the original complex 
molecule to simpler ones and these again into still simpler molecules, 
and so on down to the elemental stages of matter. 
In addition to these various decomposition products in the soil, 
there are Compounds which are built up by micro-organisms from 
the silnl)ler degradation products. This reversal of the decomposi- 
tion of the original organic matter into simpler compounds, by 
synthetic processes effected by micro-organisms, or possibly other 
agents, adds materialL to the complexity ()f the problem. 
Among the unclassified organic compounds spoken of above, such 
as resins, terl)enes , tannins, etc., are some which are very resistant 
to decomposition 1)y the agents active in the soil, anti these may often 
exist in the soil in their original condition, at least for a time. On 
the other hand a great many break down into simpler bodies, as do 
the proteins and carbohydrates. 
We have, then, as possible organic compounds in the soil, all plant 
constituents, compounds of animal origin, their degradation prod- 
ucts, both primary and secondary, and also other products built 
up from these. Any attempt at complete enumeration of these 
would simply result in a long list of organic compounds with 
almost every class of such compounds known to science rep- 
resented, and mention will be made here of but a few of the 
more prominent ones. Proteins, which are present in all parts 



D|("[.TSI()N ()P WORK ()N IlI'MI', B()I)ll-'..,. 
ullhu* acid when ,lin on elalim, f-rm  kind f ur ('onlainin nilren. 
r,.i,r.enl,,l by ('IIN(); if from lhi we nubl't ('oil()s= ] equivah*nt of 'ane 
a slrninin at a r*latimhii l,etween nnrelat*d comp, mnd which 
nlqn, ars alsrl to ns now, lint which is lnsed n exactly Ihe snme 
kinl ,f 0ata anl mclhols [ reasoning ns tle rclati,ns slate! to 
exisl between nhnic, hmic, nnl geic an'ids. 
There is no reasm to SUlqOse thnt these early work,rs were not 
'mletcnl to perform ch, menlarv analyses, an! the fiures giw.n for 
lerccntage cmqositim may le received as accurate, "for lhe material 
annlvzel, lml lln, re fin" accuracy stlS. "[']wre is no reasn [r 
in, tin, frmnlas given or fr lhe nsSnmlli,n l lml l ln, llics 
arc definite compounds. In fncl, there' is almndant evih.nc, llml such 
is n,t the case. "I'her" is, first, lhe nm,ridnms, ill-h.fined nature 
lle l,odies in qm,slion, not estallishel as homffencons lx" many 
mnh.rn mcllnnls availalde for such lmrpose; lhen the various anti 
li;c,rdanl figures fr percentage c,ml,siti,n oltaincl I,y different 
wrkcrs for what was SUpl,sed I be tiw snme !1'; some evidence 
alreal b" quoted, c, blaim'd Iv workers f lhe iresent day, that these 
I,oli.s really are mixtures; anl, finally, very simph' expcrimcnlal evi- 
h,nc, eslnllishin this fact by which anyone can eailx- satisfy him- 
self. If hnmu inlies he lreIared fr,m a soil in the usual way 
exlractin lhe sil wilh dilute alkali anl lrccililaling these 
from the sdulion so ,llaine! Ix" acil, llwrc results, n thoroughly 
washin this lrecil)itate, a l,odv or mixlurc conlaining carl,s,n, hydro- 
gen, oxygen. . nitrogen, and some ash ingrelients. If this precipilale 
is again dissolved in adkali nl lrecililatel aain, lher, is ltained 
a mixture conlainin carbm, hylroen, oxygen, anl nilroen 
quite differcnl lrrlorlins h'm llw first lreciiitnh .. This can le 
rclwatetl again an! again, eacl lime oblainin liffcrent results a to 
elementary composilin. It is ,f inlerest 1 n,le in this 
lhal if this be relenl,l several times a p,,int is reacln.d where lle 
lmmns lweciiilnlc bec,,mcs c,llidal nn! iats,s thrmgh the filler. 
II is cvih.nl thnt In-/hi prwcdnre one cuhl ollain ns many 
lnmic ncids as lher, were singes in the olera.tim, althngh 
cmlsitim varies less and less as m, lrceeds. In reality, the 
tirsl irecipitate is a mixlur., and s,me of the bodi,s which seem 
Io !. hchl alswl,! in this precililatc are removel Is-lhe 
sequent q,ratins nnl alqear in tin. filtrat,s. This 
is similar t thnt met wilh. flr instance, in the analysis f the 
hvlrwhh,ric ntis! cxtrwt ,f n s,il, hx this ca. l lw bulky 
Ireciphale of irwin and alumim hvdrntes r,tain s,me f the lime. 
nni this caxn nt !, remve! lv washing, but can be r,moved br dis- 
- 
" 1'. oil., p. 233. 



 IBt}LATION OF IIARMFUI ORGAN IG UBSTAt'E. 
le{'entlv Shorey a has isolated from 2n lhwtiian soil a pyridine 
{.Omlound , li{.oline carl}oxylic acid,which appears to be the first iso- 
lation and identiti'ation of a detinite crystalline organic compound 
from a soil. 
()f the isoladion of nonhumus compounds not cont.aining nitrogen 
tiwre is no mention in the literature except statements tha humic 
aci{I, as rigimdly d}tined, d'ten cmtains waxes and resins, and l lint 
{,Oml}{un{Is like acetic a.cid, formi{' u'id, alcohol, etc., have been 
letected. 
Sumin Ul} this survey of lhe literature, i might be stated lhat 
the most cOnsl}icuous feature is hwk of specific knowledge eon('erning 
the organic matter of the soil. The humus bodies are 
c}ml}Onds {}f unknx n composition and constitution, some of which 
seem to resemlle the natural animal pigments knovn as melanins, 
thenselves I}odies of in{letinite {'Oml}osition and unknown constitu- 
tion, al}parently {}f a protein nature. There is some evidence that 
amino COml}OUnds are present in certain soils, I)u beyond this there 
is no knowledge what members of this large group of nitrogenous 
lodies nmv be present. The presence of waxes, resins, and other 
lilli{'ultlv decoml}Osable plant, residues is in{licated, and finally there 
is the is}lation of a sinffle nitrogenous {'Oml}ound l}icoline carboxyli{, 
acid, which doubtless constitutes bu a very small 1)ortion of the 
organic matter. 
It may not be out of place t.o remark tha this iffnorance concerns 
an imp{rtmt soil ingredient, the presence of which makes soil out 
wh/ xw}uhl {}therwie be rock powder or sand. As has been stated 
in a previous bulletin,  the amount of organi( matter in ordinary 
soils is al)l)reciably larffe, for as the result of analyses of several 
lhousmd samples f oil from all parts of lhe United States, 
Camer}n" has shown that the average organic eonten of soils is 
.{}t per {'ent and {f subsfils 0.s:3 per cent. If the soil be taken as 
s inches deep, there would be an verage of 28 t}ns of organic 
matter in the soil per acre and 50 tons in the still and subsoil to 
lhe depth of 2 feel 
There are, then, in m{s soils tons of {}rtnic matter, matter which is 
{.{mstantlv being changed through the activity of micro-and nm.cro- 
{rganisms, through cultiwttion ant! fertilizalion; matter which in- 
clu{les bodies harmful to veffetati}n, {}ther bodies probal}ly beneficial, 
and still olher bodies wholly inert, ]}u. real.let abou whi('h there is 
verr little clemi{al knwledge. 
a Report llawaii Ar. Expt. Sta., 1906, p. 37. 
b Bul. No. 47, Bureau of Soils, U. S. Dept. Agr., p. 
c Jour. Am. ('hem. Soc., 27, 256 (1905). 
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FIG. 1.--CRYSTALS OF PICOLINE CARBOXYLIC ACID OBTAINED FROM SOILS, FORMED 
FROM A DILUTE AQUEOUS SOLUTION 

FIG. 2.--CRYSTALS OF PICOLINE CARBOXYLIC ACID OBTAINED FROM SOILS FORMED 
FROM A CONCENTRATED AQUEOUS SOLUTION. 



S 1S(LATIOX OF IlARMFUI ORGANIC SUBST._N('ES. 
All lhe properties of this cmqouml agree with those of lihydroxy- 
stearic acid prepared from elaidic acid. Elementary analyses of the 
preparation from the soil gave the follong figures: 
(?alcu- 
No. 1 No. 2 lated for 
fotmd, fi)tlnd. ('ts llO. 
Carbon .................................. 67.5 6S. 0 6S. 3 
lly(lrg,n ............................ I_.. 11 7 I I. 4 
)xygen ............... 20.3 20.3 20.3 
('al('ulated for 
Found. (' lla AgOg. 
Silver ....................................... 25.77 25.53 
Tiw nelting i))int )f tim s)il (')nl]))llll[ rcmainel unclmnged wlwn 
this was mixed with dihwlrxvstearic acil prepared from vlaidic acid. 
These figures, t()getlwr witit hc corresl)()ndcuce noted between le 
l)roperies of tim 1))ly obtained from tim s)il an(l those of dihydroxy- 
stearic a('il from elailic acid, are sufficient to establish the identity 
f he soil c,ml))uml as dihvlr()xvstearic acid. 

DIHYDROXYSTEARIC ACID AND RELATED COMPOUNDS. 
There are t'ur is,meric lihylroxvstearic aci(ls known, three t)eing 
htl)(ratol'y l)r)(lucts. The one f,)uml in the soil is that obtainel in 
the lal))ratorv l)v the oxidation {)f elaidic acid and describe{I l)v 
Savtzeff. a This aci{l can easily l)e prepared, starting with oleic a('i{1. 
If )leic acil I)e treatel fl)r a few minutes at a }()w temperature with 
nitr{)us oxi(le generate{I in any ('{mvenient way, say l)v the action 
nitric a(.id {m arsenic trioxide, it is changed l() the isomeric elai(lic 
acfil. This, after washing with vater and re('rystallizing fr{)m ether 
{)r alc{)hl, melts at 45  t{) 47  C. If this elaidic acid 1)e dissolved in a 
dilute s)lutim of ]),tassium hydrate and treated with ])otassitml 
l)ermanganati , it is oxidize(l, (lihvdroxvstearic aci4 being one of the 
lm)dtacts. The yiehl obtained in/his way is h)w, the dihvdroxvs/earic 
acid! first formed being easily sul)ject to further oxidation, l)elargonic 
and azelai<', and finally oxalic a('ids being formed. Edmed  in study- 
ing th oxidation products of oleic and elaidic acids obtainel from tim 
latter by this treatment with alkaline permanganate, lihydroxy- 
s/earle aci(i, 33 ])er cent" ])elargmic acid, 13 to 14 per cent; azelaic 
acid, 26 per cent ; and oxalic a('il, 15 t() 20 per cent.. The dihvdroxv- 
stearic acid formed from elaidic aci(! is much more easily oxidized than 
the isomeric acid ol)tained t)v oxidation f oleic acid, and this has been 
__ 
,t Jour. prakt. ('hem., 33, 300 (ISS6); 50, 76 (1894). 
bJour. Chem. Soc., 73, 627 (1898). 
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In determining the ])roperties of bodies isolated from soils, wheat 
seedlings have been used as an indicator in the manner dcscril)ed in 
fi)rmer bulletins, a While wheat seedlings only have been used in 
these tests, it. is m)t impossible that other plants may show inhil)ited 
growth where the wheat is unaffecWd, and vice versa, as was found 
to be (he case in the experiment with plant succession already men- 
(toned, in which harmful effects were noted when wheat folh)wcd 
wheat or oats, 1)ut wheat following corn or cowpeas was either un- 
affe('lcd or else benefited. In carrying out the tests, wheat seedlhags 
three or four days ohl of uniform size were grown in solutions of the 
substances tested, control cultures of similar seedlings in pure dis- 
tilled waWr being carried on at the same time. The transl)iration and 
green weight of plants at the end of the period of growth, generally 
ten or twelve (lays, together with observations made from day to day 
on the appearance of the roots aml tops furnished (he data from 
which the cont.lusion as to inhibition was drawn. 

.lvlv.CT O1 v PICOLIN. CARBOXYLIC ACID AND R.LAT.D 
COMPOUND S. 
The method 1)v which l)icoline carl)oxylic acid was isolated from 
soils was essentially the l)recil)itation of the acid s either the lead 
or silver salt from a neutral sglution of a portion of the soil organic 
matter. The ainount ol)tained fr)m the soil by this method was very 
small. For this reason, aml more l)articularly to meet the objection 
that any observed injury might be due to minute traces of lead or 
silver incident to the method of preparation, the effect of this com- 
pound was tested with the artifically prepared body. The method of 
preparing this, which has already been stated, is in outline the treat- 
ment of pyruvic acid in ah'oholic solution with dry ammonia gas, 
precipitation of uvitonic acid with sull)huric acid and splitting of this 
into picoline carboxylic acid and carbon dioxide on heating. The 
yiehl, however, is small. 
The following figures give the results obtained with wheat seedlingh 
grown for ten clays in solutions of different strengths of artificial pico- 
line carboxylic acid. 
A'ect of picolbe carboxylic acid on wheat seedlings. 

I Relative I Relative 
Solutions. I transpira green 
Control In distilled water ........................................................... I 100 I 100 
Plcoline carboxylic acid. 1 p. p. m ..................................................  140 I 95 
Same, 10 p. p. m ....................................................................  105  101 
Same, 50 p. p. m .................................................................... [ 107 [ 98 
Same, 100 p. p. m ................................................................... [ 85 [ 89 
Same, 200 p. p. m ................................................................... [ 55 I 

a Buls. Nos. 23, 28, 36, 40, 47, Bureau of Soils, U. S. Dept. Agr. 
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Pic,line .(II,N.('II) or methyl pyriline was harmful to wheat 
plants, but only kilh'd in t he cmc,nt rat ims ,f 1,000 ImPS per million, 
anl did n,,t cause injury below 500 parts per million. The inju 
seenwd to lw manifeste{l !5 th{ tops more than by the roots, thus 
resembling tiw acti{m {,f lyri{line. 
i'il,.ri{line {{'llN), {,r lwxahy,ir{q)yri{line, is kn)wn t)occur in 
nature, fir eXamlh' , in tire leplwr plant, an{l f{rms the nuch, us of 
many alkal,i{ls. S{,luions ,f liperi{line kilh,{! an{! injure, I at a l,,wer 
cmcentrati, m than eitlwr pyri{line or picoline. A saml)h' of piper- 
iiine that was neutralize! with acetic acid! 1)rv! t, b{. moro toxic 
than t he st r{,ngly alkaline piperidine itself. ]'ipe4{line seems to injure 
Ih r{;{)ts lr, sevcrc]v thall the t{q)s. 
Quin{lino (('II;N) has a genetic relatimship with l,yri{line and 
lorms the" nucleus of many alkai,i{Is titan,! in plants belonging to the 
families Rubiacea. an{! I.)ganiacea'. Falkenburg" fimnd that quin 
line was Imrmful to bacteria in a concentration of 2,000 lmrts per mil- 
li{m. Quin{line kiih'd wheat ldants at a com'entrati{m {f 500 parts 
lwr million. o hw a com'entrati{m as 5 parts l)er million affected 
them injuri{msly in six days. None {,f the hwer c{,ncentrations 
caused stimulation ,f growth. 
While licoline carboxvlic acid may not be an important factor in the 
infertility {,f tle 'I'akoma soil, the fac tha i has been found in other 
s{,ils in larger quantities, its mo{ierately harmful effect, and its close 
relationship t {)ther pyritline c{mpoun,is still m,re harmful, places it 
among organic soil compounds to be considered an{l s{mght for in the 
general study {f unprluctive sils. 

EFFECT OF DIHYDROXYSTEARIC ACID. 

The dihv, lrxvstearic acil is,,lated from the soil was roadilr 
obtained in quantity sulIicient fin" cuhural experiments, and as 
its method f-preparation xsas such that it could easily be ,,brained 
fe of any reagents which might have an injurious effect, the 
body oltainod from the sil was used in testing the effect 
this c,ml>,unl. As a preliminary test a saturated solution 
dihydrxystearic acid, which was foun! to contain approximately 
200 parts per million at rm temperature, was used as a culture 
solutim for the growth of wheat seedlings. The result is shown in 
l'late 1V, tigure 1. Ten la3"s' growth of the seellings in this s,lutim 
gave a green weight of plants 52.5 as cmwared with 100 for the 
same numlwr of edlings in distilled water for the same time. The 
water transpired by th plants growing in dihylroxvstearic acid 

a Czapek, Biochemie der Pflanzen, I1,926. 
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solution was 12.3 against 100 transpired by the plants growing in 
distilled water. 
The harmful effect of this compound in not very high concentra- 
tion being thus established, culture sets comprising several concen- 
trations were then grown, tile results of the ten days' growth being 
as follows: 
Effect of dihyb'oxystearic acM on wheat seedlings. 
Relative Relative 
Solutions. transpi- green 
ration, weight. 
. 
Dihydroxystearic acid 200 p. p. m .................................................. 20 54 
Same, 100 p. p. m .................................................................. . 24 53 
Same,S .... 5020 , p'p" :   : m. ..................................................................... ! 5675 8778 
Control in pure distilled waler ..................................................... 100 100 

These results arc illustrated in Plate IV, figure 2. The effect of 
this body, it will be noted, is as great in a concentration of 100 parts 
per million as in a concentration o 200 parts per nfillion, which is 
approximately t saturated solutiou, and is marked even when the 
concentration is a. low as 20 parts per million. 
Artificial dihydroxystearic acid prepared as described from elaidic 
acid, as well as the isomeric dihydroxystearic acid formed on the oxi- 
dation of oleic acid, gave in concentration of 200 parts per million 
practically the same results, very little transpiration, green weight 
about half of that in the control solutions, and death of the plants in 
twelve or fifteen days. Other than this there has been no study of 
tile effect of compounds related to the dihydroxystearic acid found in 
the soill 
Dihydroxystearic acid is, as may be inferred from its power to 
decompose carbonates, a much stronger acid than picoline carboxylic 
CIIa(CII);CH. OH 
acid, and as represented by the formula COOII(CH);CH. OH par- 
takes also of an alcoholic nature. Whether the harmful effect of this 
compound is due to the combination of alcohol and acid characters, 
the so-called hydroxyacid structure, is of course not known. As has 
already been stated the whole question of the relation between effect 
on plant growth and composition and constitution is one which will be 
thoroughly understood only after long investigation. It may be well 
to note, however, in discussing the effect of a body of an acid consti- 
tution like dihydroxystearic acid that the data at present available is 
sufficient to prove that toxicity is not necessarily connected with the 
acid character or the presence of hydrogen ions. It is well known 
that an acid which is little dissociated in solution may be much more 
harmful than another which is dissociated to a much greater extent. 
For this as well as other reasons based on observations on the effect 
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,f organic compounds many of those who have studied this question 
,,hl that the harmful effect of organic compounls is in many cases 
tss,ciatel with the stncture of the molecule rather than due entirely 
t,, lissociation products. 
l'reliminarv investigations have shoxm that some of the combina- 
ti,,ns {f dihv{lr{xvstearic aci,! with bases are as harmful  the acid 
itself ahhmgh much less slulle. It was f, mnd that cultures in the 
calcium and potassium sahs {,f dihvlroxvsteafic acid gave greater 
green eights and greater transpiratim than cultures in distilled 
water, whih the irm an{! alumina sahs, although less sluble than 
the aci{l, gave a gr,wth and transpiratim almost as l,w as s{,lutims 
of the aci{! itself. The ir{m an{! alumina sahs, lwcause the least s,lu- 
hie. are lerhaps the {,nes m{st like.Iv to be lres.nt in sils. It w,,uhl 
seem, then. that the injurious effect of tiffs bdy when foun{! in the 
s,,ii may nt lw confined to that pro{lute{! sl{,wlv du4n its f,,rma- 
tim. I,ut that it may be store,! up in a litth.-solulh" but very harmful 
f ;1"I11. 
SAY. 
l'revious investigations have inlicate, i that s,,ils may lie infertile 
r "exhaustetl" because tf tht, lresen{'e in them {f rgani{" 
pounds injuri,ms t, plants. 
The present paper leals with the iiatim and i{lentiticati,,n f 
some {,f he inhibitory {,r injurious comp, mnds in such infertile s,,ils. 
It is alm{st self-evident tha where such l,{lies give rie t{, infertile 
soils there can l,e intelligent scientilic treatment of su{'h s,ils {,nlv 
when the nature an{l pr{,perties {f thte b,ties are kn{,wn. The 
isolation an{! ilentilicatim ,,f these bo{iics is the fit step in the 
attainmen of this knowledge. 
In approaching thi pr{,1,1em, which is an exceelingly c,mplex one, 
it was found necessary to review briefly the knowledge ,,f the origin 
{,f the {rganic matter in the soil. This review sh{ws that the s,,il 
organic matter arises thrmgh the {lecav ,,f ,ranic c{,mp,,un,l of 
vegetable and animal origin; that ammg these c,mp,,unls are many 
f well-known compositim anl c,nstituli,m which get into the soil 
and may even lwrsist for a time. anl that many compnmds s hich are 
formed fr,,m these in the process of decay are likewise well ta 
lished as definite chemical cmpounds. 
When the effect of these COml)Umds which are knsm to get into 
the soil or to be hrmed in the soil is cmsidered, it 
my of them have been shosn to be harmful t phmts, some even 
when in ery small amounts. ()n the other hand, it is not yet li - 
ble to trace any general relation between the harmful prolu.rties and 
the chemical composition or cmtitutim, and consequently it is not 
ible to deternfine the efft of y comd on plts expt 
by exfiment. 
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Al)art fr, m the purely scientific intere.st attached to the is-latin 
fr,m s{il of any delinite wgani(" cmq),uml, the w{rk here stated 
furfishes a siml)h tangible l)ro{f of the l)resem'e {,f injurious organic 
compmmls in s,,ils and slmuhl lay the f, mmlatim f the rathnal 
stmly aml remedy )f unfawrable conditiom in such unproductive 
,)r s'allel "exhausted" soils. 
In the present lmlletin there are described four organic compounds 
is,lated fr, m s, dls, all well-detined crystalline bodies, ,,he f which 
is quite injurims, me slightly harmful lint relatel t much more 
lmrmful ('Oml)Oun(ls , and two that are nct harmful s. far as the 
wheat sceilin used in tim tests are ('m'erncd, alth[mgh, 
l),infi'l mt al)ove, other plants may be quite liffcrentlv affected 
these sul)st at'es. 
In additin to the.se, there have been isolate(l a numlwr of other 
we[l-detine! l,,lits, likewise crystalline. These various s,,il 
l),,umls are I)eing stu,lied aml as far as l)ssille their nature and 
l)rTerties will Ie dctcrnim.l aml the results given in future 
l)ullic/t 
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8 THE MINERAL COMPOSITION" OF SOIL PARTICLES. 

of Hilgard's churn elutriator he prepared mechanical separates of a 
loam upland subsoil from Mississippi. The separates were extracted 
by five days" digestion in hydrocloric acid of 1.115 specific gravity and 
the solution analyzed. Larger proportions of potash, lnagnesia, iron, 
alumina, and silica were found in the extract of the finer portions 
than in that of the coarser. The lilne was irregular and the soda and 
sulphuric acid somewhat uncerin. 
Orth" made mechauical separations of samples of a soil taken at 
four depths. These samples consisted of the surface soil to a depth of 
about 8 inchesloamy sand : a laver of suboi] about 16 inches thick 
loamy and; a 16-inch laver of loam below the preceding, and a thick 
laver of marly loam mder all of these. Chemical analyses, by decom- 
position with hydrottuol'ie acid, were made of each of these samples 
and of the 1)al'tiele of each lllldlq" 0.01 nllll, in dialneter. The whole 
soil of each laver coutaimd a greater percentage of ilica than did 
the part less lhan 0.01 ram.. while the latter contained a higher per- 
centage of potash, lime, magnesia, soda. iron, alnmina, and 1)hosphoric 
acid. (h'th does not make these comparisons, but a recalculation of 
his tabulated figures makes the comparison possible. It should be 
observed that this is not a direct comparison of the composition of 
the coarse with that of the fine particles. The whole soil is compared 
with its finest part. Indirectly, of course, a comparison is made of 
the coarser with the finer portions of this one soil and its subsoil. 
Schneider  studied a residual soil from the Rockland Ridge, near 
The Dalles, on the Columbia River, Washinon. The rock who 
disinezration formed the soil is said to le an augite andesite, its prin- 
cipal contiluents being '" plagioclase, augite, apatite, magnetite, un- 
differentiated glass." 
Tlie soil xva suljected to lnechanical analysis by Hilgard's well- 
known method. For purposes of analysis, four group were lnade of 
the sediments 1)repal'ed from the fine earththe part less than 0.6 ram. 
diameter. ()he group included particles of diameters between 0.5 
and 0.1 ram.: another, particles 1,etween 0.1 and 0.01 ram.; another, 
those between 0.01 and 0.001 nlnl., and the last portion, particles le 
than 0.001 ram. This last fraction was called '" clay." 
Bolh fusion and acid dietiou methods were used in analyzing 
these ediments, but as indicated in Table I, not all the analyses were 
carried to completion. 
Table I gives Schneider's results calculated to water-free and 
organic-matter-free substance. The dimensions of the fractions are 
derived from Hilgard's " Table of diameters and hydraulic values of 
sediments."  

a Ber., 15, 302S (12). 
barn. Jour. Sci., 36, 23{3 
cam. Jour. ci., 6, 337 
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From the results I'uclmer draws the conclusiol thai as the mechan- 
ical sepal','ltes become finer the content of silicic acid, soda. and potash 
diminishes. On the contrary, that of almnina, iron, lnanganese, and 
humus increases. The content of lime, magnesia, and phosphoric 
acid in the separates is irregular. 
Ahvav and 3lcDale" conclude from their sudv of the distribution 
of carbonates in the till of the second steppe of the northern Great 
Plains region that the carbonates are chiefly present in the grains of 
intermediate size: i. e.. the silt. particles rmming from 0.05 to 0.005 
ram. in diameter. 
Clerk. Gortner, and Vail,  working upon a sample of bowlder clay 
representing the upper ; feet. mad foyer mechanical fractionssand. 
1.0 to 0.05 ram. ; coarse silt, 0.05 to 0.016 mm. ; fine silt, 0.016 to 0.005 
into.; clay. smaller than 0.005 iron. These fractions were analyzed 
chemically by digestion in hydrochloric acid and the determination 
of the dissolved substances. 
In this soil the lime, as Cal'bonatc for most part, forlned the highest 
percentage in the silts and least in the clay: the iron. alumina, soda, 
potash, and phosphoric acid were in greater proportions in the finer 
fractions; the silts contained the highest percentage of magnesia and 
the clay the next. 
In addition to the investigations mentioned above, numerous chem- 
ical and mechanical analyses of the same soil have been made. From 
the l)ublishcd reslt of this work one could make COml)arisons of the 
total l)(rcenlagcs of the several chemical ehqnents in a soil with its 
percentage content of any pariicular mechanical component. For 
example, il could bc determined for each soil whether a high content 
of calcium goes with a high coment of sand. of silt, or of clay; but 
since the investigators themselves did not study these relations such 
purely 1)hysical and chemical analyses of soils have not been included 
in a historical review of the literature of lle chemical composition 
of the mechanical separates of soils. 

aAm. Chem. Jour., 37, 275 (1907). 
barn. ('hem. ,lour., 39, 163 (1908). 
NOTE.--SilCe the manuscript for this bulletin went 1o lhe printer a report of 
ndditional work ;llollg lhe line of lhis investigation has come to hand: 
.lterlmrg I Iantlw. Vers.-Stat., 69, 102, 190), working upon a glacial sand 
from Kulltorp, made complete analyses of the six groups into which he sep- 
arated the portion b(qween 0.5 ram. and 0.005 ram. diameter. In the table of 
results given by them the aluminum is a nearly constant constituent; there is 
an increase in the lercentage of the iron and lhe calcium as the size of the par- 
ticles dreases ex(.ept in the finest portion--that betwn o.0l and 0.)5 
in which these elements d'rease. The potassium and the sodium drease as 
the particles bome smaller. 
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brittle mass of interlocking clay lenses, lumps, and fragments, sepa- 
rated l)y seams and pockets of medium to fine sand. This subsoil is 
as impervious as clay. owing to its peculiar shinglelike structure. 
is an upland soil and is generally slightly rolling. 
Orageburg sandy/ot.--Samples analyzed are frown Montgomev 
County, Ala., surveyed in 1905. This soil, locally called "red 
lands." is a brown t) rcddish-1)rown light sandy loam. 4 to 15 inches 
deep, resting ou a friable brick-red sandy clay subsoil. The surface 
is rolling. It is generally well drained, although lhere is a tendency 
to form a " plowsole "" or " hardl)an.'" 
Crowley silt loam.--The samples used were taken from samples of 
soil collected in the survey of Acadia Parish, La., 1903. This type is 
of variable del)th , but usually has a surface soil of about 16 inches. 
It is of a brown color when wet. but ash gray when dry. It is com- 
posed of fine sand and silt. with sulh('icnt clay to render it rather 
iml)crvious. If stirred when wcl it puddles somewhat. This soil 
is underlain by a clay of mottled l)rwn and yellow color, with brick- 
red streaks and blotches. The subsoil is highly impervious and the 
surface level, so ihat ihe soil has very poor drainage. The samples 
analyzed are from level prairies in southern Louisiana. 
Oragebtrg fi,e 'a,dy /oam.--The samples used came from the 
Nacogdochcs area. Texas, snrvey of 1903. This soil varies in color, 
1)eing red, brown, or gray. It is a light sandy loam, generally carry- 
ing iron concretions. The subsoil is a red, friable, sandy clay. The 
type occul)ies the upland and has good natural drainage. 
The percentage of the several mechanical conslituents--sand, silt. 
aud clayontaincd in the soils is given in Table V. The results of 
the chemical analyses of the mechanical separates for phosphoric 
acid, lime, magnesia, and potash arc given in Tables VI and VII. In 
Table VI the figtres express percentages of the separates; in Table 
VII the percentages are calculated on the whole soil, so that the fig- 
nres show what percentage the constituent in a separate is of the soil 
of which the separate is a part. 
An inspection of Table VI shows that the elements determined-- 
phosphorus, calcium, magnesium, and l)otassiumat more abundant 
in the finer particles of these old soils--old in the sense of having 
passed through and being the result of all the stages of soil for- 
marion. 
As shown in Table VII. the coarse particles often contain abso- 
lutely more of the elements than the finer portions, bnt this, of course, 
is due to the presence in the soil of a much greater percentage of 
these large particles. 
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rocks over which the type lies. It is strictly a residual .oil and con- 
sists of a brownish loam 10 to 15 inches deel), underlain by a lighter 
colored, heavier loam, also containing mica. The sm'face varies from 
gently rolling to somewhat hilly. 
l'ortcrs bhtcZ" loam.--The saml)le analyzed was collected in the soil 
survey of the Albemarlc area, Virginia, 1902. The soil of this type 
is a loose, mellow blacl loam, a'eraging about 12 inches deep. The 
cubsoil is slightly heavier and of a light-brown to yellowish color. 
In depressions and coves where wash from the higher ground has 
accumulated, there is no sharp distinction between soil and subsoil. 
the loose black loam 1)eing several feet deep. Both soil and subsoil 
contain fragments of the rocks whose decomposition has formed the 
soil--granites, gncisses, and schists. This type occurs l)riucipally in 
the co'es of the Blue Ridge Mountains, but is also found upon the 
tops and upper slopes. 
Cecil clay.--The samples of this type -ere collected near States- 
ville, N. C., in the surx'ey of that area in 1901. This type is found on 
uplands, gentle slopes, and rolling lands of the l'iedmolt Plateau. 
The Cecil clay is a residual soil. resulting from the disintegration of a 
number of rocks, differing in mineralogical characters. Granites, 
gneisses.'schists, and other somewhat similar r'ks ha'e contributed 
to the formation of this type, and so thorough have been the dis- 
integration and decompositiol that the same red clay results 
rolll all. There is such a gradual change from soil to the parent 
rock that there is generally no shar l) line between the two. The soil 
consists of a heavy red loam, containing many sand grains of the 
original minerals forming the rocks from which the soil is derived. 
]t is shallow, avel'aging about 5 inches. The subsoil is a stiff, tena- 
cious red clay to a depth of 3 o" more feet. It becomes heavier at 
greater depths. Natural drainage is fairly good, 1)robably due to 
the sand and rock fragments contained in soil and subsoil. 
The mechanical COml)osition and the results of the analyses of the 
separates of these soils are given in Tables VI II, IX, and X. 
With few cXCel)tions the percentage of the several mineral plant- 
food constituents increases as the size of the particles of the Sel)arates 
decreases. Chester mica loam, however, which contains many mica- 
ceous scales, shows a nearly constant percentage content of lime and 
magnesia in its separates, while Cecil clay shows the reverse order as 
t) the potash content, the sand being richest il potash, the silt slightly 
poorer, and the clay decidedly the poorest of the three. While there 
are some notable excel)tions , the absolute quantities are generally 
fairly evenly distributed in the mechanical components of these soils, 
as showll in Table X. 
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tobacco field from which the sample came had been heavily fertilized 
for years. 
,llimi sad.--From the Toledo area. Ohio, surveyed in 190. The 
soil is a coarse to medium loose and dccp yellowish sand. It is under- 
lain by a yellow sand of about the same texture. It is level to rolling 
and consists of glacial material somewhat modified by vind action. 
It occupies elevated positions and is well drained. 
Wabash loam.--Described as Miami loam in the Repo of the 
Soil Survey of the Toledo Area. ()hio, 1902. This is a dark-brown to 
black soil of good depth, and containing a small proportion of the 
coarser grades of sand. The subsoil is a heavy brownish-yellow loam 
overlying a fine gravelly loam. ]t is a bottom land, frequently - 
(.url'ing as terraces. It is generally well drained. It cousists o 
glacial drift redeposited by streanr action. 
Volusia silt loam.--The sample for analysis was collected in the 
soil survey of the Wooster area, Ohio, 1904. This soil is a gray to 
brown silty loam with an average deI)th of 8 inches. The subsoil is 
a light-yellow silty loam. mottled with gray in its lower portions. It 
has resulted in mot part from the glaciation of shales. Its mechan- 
ical conslituenis closely resemble in size those of the soils derived from 
the loess, being composed largely of silt. This is doubtless due to the 
silt. in the shales from which this soil tyl)e comes in large part. 
Marshall loam.--From samples of this type collected during the 
survey of the Marshall area Minnesota, 1903. The surface soil is a 
somewhat heavy loam from 10 to 12 inches in dcl)lh and of a dark- 
brown color. Under this is a stiff sticky yellow subsoil to a depth 
of about 3 feet. Belov this is a stiff bowldei" ('lay, mottled yellow 
and gray. The type is generally rolling and well drained. Bowlders 
nd glacial gravel occur to some extent over this soil. 
Miami silt loam.I)escribed as Edgerton silt loam in the Report 
of the Soil Survey of the Jauesville Area, Wisconsin, 1902. The 
soil is a very silty loam light brown when wet and light gray when 
dry. Its depth is about 8 inches. ]t is underlain by several feet of 
stiff, yellow, silty clay that is always mottled with gray showing 
poor drainage and aeration. This type originally consisted mainly 
of timber lands and oak opening. 
Marsltall silt loam.--Described as Janesville silt loam in the Report 
of the Janesville Area, Wisconsin, 1902. The soil is a mealy, chocolate- 
colored silt loam with a darl-brown tint when moist. It contains a 
large amount of silt and becomes somewhat sticky when wet. It 
is about 10 inches deep. The subsoil is a sticky, reddish-yellov silty 
clay about 3 feet deep, and rests upon a glacial gravel or the disin- 
tegrating limestone of the region. The soil probably owes some of 
its distinguishing characteristics to the influence of this limestone. 
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Calc.ium is often rather low in clay soils resulting from the weather- 
ing of hard, compact limestones. It is generally abundant in soils 
recently formed from easily broken down linwstones. The sands of 
(hese latter soil. may contain a high percentage of calcimn, probably 
as ime sand or as coatings on other large lnineral 'ains. 
A comparison of soils and soil separates with crystalline rocks 
indicate. that in the process of the weathering of these rocks the phos- 
phate remains of about the same proportion or slightly increases. 
The lime an(| 1)ota.h seem to (l(/crea.e in percentage, although 
mineral. containing them are always present. 



